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BYVANGE 

FOR L E B O U U T I C S  

EEP OBT 
_I__- 

OF PLYIXG-BOAT FULLS DERXVXD FROM A STR3AFIiIBE BODY - 
NASA MODXL 84 SERIES  

B y  John 3. Parkinson, 2 o l a n d  E .  O l s o n ,  
Xugene C . D r a l e y ,  t.,nO A r v o  .A. Luoma 

& s e r i e s  o f  r e l a t e 6  f o r m s  o f  flying-boat hulls r e p r e -  
s e n t i n g  v tz r icus  d .egr tes  of corcpromi se be tween  a e r o d y -  
npinic e n d  hyi i rod; r r iamic  r e q u i r e m e n t s  was t e s t e d  i n  NACB 
t a n k  L a c d  in .  tar= NAG4 8 - f o o t  h igh- spaed  t u n n e l .  The 
n i i rposz  o f  t h e  j n v e s t i g ~ t i o n  was t o  provid-e  i n f o r m a t i o n  
r e g a r d i n g  t h e  p ~ , ~ i ? l t r t e s  i n  w a t e r  pe r fo rmance  r e s ? l l t i n g  
Ere% f u r t h e r  aero?ynsm:-c r e f i n e m e n t  an.& as  a c o r o l l a r y ,  
t o  9 r o v i d e  informatici r e g a r d i n g  t h e  F e n a l t i e s  i n  range 
or p a y  l o a d  r e s u l t i n g  f r o m  ";he r e t e n t i o n  o f  c e r t a i n  de-  
s i r a b l e  kydrod.gnznlc c h a r a c t  ? r l s - l i c s .  The i n f o r m a t i o n  
sLou1d f o r a  a basis f 7r o v e r - a l l  SmFrovumen t s  i n  hul l  
form. 

The r e l a t e d  r i o d e ' s s  of :he soivies   ere b a s e d  on  a n  
a r b i t r a r y  s t r e a m l i n e  b o d y  0 2  r e v o l u t i o n .  The v a r i a t i o n s  
in f o r m  were deve loper f  3n such. a way a s  t o  show c l e a r l y  
t h e  e f f e c t  o f  c o a v e n t i o n a l  d e p a r t u r e s  f r o m  t i lo  i a c a l  
s t r e a m l i n e  bociy made i n  t,he d e s i g n  ~f f l y i n g- b o a t  hulls. 

The mode l s  were 114.85 i p c h e s  l o n g  a n d  t h e  d i a m e t e r  
of t he  b a s i c  streanlina f o r m  was 16.92 i n c h e s .  I n  t h e  
hydrodynamic  t e s t s ,  r e s i s t a n c e  a n &  t r i m  o r  k r i m n i n g  no- 
mcnts  were measured at a l l  s g e e d s  and l o s d s  o f  i n t e T e s t  
ana t h e  spray p a t t e r n s  were p h o t o g r a p h e d .  I n  t k e  a e r o ?  
d y n a z i c  t e s t s ,  l i f t ,  drag, t a d .  p i t c h i n g  hiloment were meas- 
u r e d  w i t h  t r a n s i t i o n  f i x e d  at; 5 p e r c e n t  o f  t h e  l e n g t h ,  at 
s p e e d s  up t o  420 m i l e s  p e r  h o u r ,  and a t  Reynolds numbers 
'up t o  3O,G@O,OOO, 

The r e s u l t s  of t h e  i n v e s t i g a t i o n  a r e  summarized as 
f o l l a w s :  
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(1) E f f e c t  O f  bow 

I n c r e a s i n g  t h e  h e i g h t  o f  t h e  bow by- warp ing  t h o  
f o r m  d e c r e a s e s  t h e  t r i m  and i n c r e a s e s  t h e  r e s i s t a n c e  
a t  l o w  s p e e d s .  A l o w  bow runs c l e a n e r  i n  smooth wa- 
t e r  t h a n  a h i g h  bow of t h e  same l e n g t h  b e c a u s e  o f  
t h o  i n c r e a s e d  S c r o - a n d - a f t  a u r v a t u r e  o f  t h e  h i g h  bow. 
I n c r e a s i n g  t h e  h e i g h t  o f  2 w e l l - f a i r e d  bow by warp- 
i n g  t h e  f o r m  has o n l y  a s m a l l  a d v e r s e  e f f e c t  on t h e  
aerodynamic d r a g .  

I n c r e a s i n g  t h o  b e i g n t  of t h e  s t e r n  by w a r p i n g  
t h e  b a s i c  f o r n  b u t  h o l d i n g  t h e  a f t e r b o d y  p o s i t i o n  
f i x e d .  i n c r e a s e s  r e s i s t a n c e  and  t r i m  at speeds below 
tho kuiop, d o c r c a s e s  t h e  hump s p e e d ,  an-d d o e s  n o t  
a f f e c t  t h e  v a l u e  or” t h e  rnalrimun r e s i s t a n c e  a t  t h o  
hump. A l o w  s t e r n  r u n s  awash 2nd r e q u i r e s  a h i g h e r  
p o s f t i o n  o f  t h c  t a i l  surfaces r e l a k i v o  t o  t h e  d o c k ,  
I n c r e a s i n g  t h o  h e i g h t  o f  t h e  s t e r n  by wayping t h e  
b a s i c  f o r m  b u t  h c l d i n g  t h e  a f t e r b o d y  p o s i t i o n  f i x e d  
has 2 l a r g e  adverse e f f e c t  o n  t b e  ae rodynamic  d r a g ;  
v a r y i n g  t h e  h e i g h t  o f  t h e  s t e r n  o f  t h e  s t r e a m l i n e  
body a l o n e  h a s  n o  a d v e r s a  e f f e c t  on t h e  d r a g  b u t  i n -  
c r e a s e s  t h e  a n g l e  o f  minimum d r a g  a s  would be ex- 
p e c t e d .  

(3) E f f e c t  o f  i n c r e a s i n g  a n g l e  o f  dead r i s e  a t  bow 

I n c r e a s i n g  t h e  a n g l e  o f  dead  r i s e  a t  t h e  bow by 
d r o p y i n g  t h e  k e e l  l i n e  red-uces o n l y  s l i g h t l y  t h e  r e -  
s i s t a n c e  a t  l o w  speeds  b u t  r e s u l t s  i n  a l a r g e  i n-  
provement  i n  c l e a n n e s s  of r u n n i n g .  The i n o d i f i c a t i o n  
i s  ont  o f  t h e  w a t e r  a t  t h e  hump speed. and  f o r  a w e l l -  
f a i r e d  form has l i t t l e  o r  no e f f e c t  on t h e  ae rody-  
namic  d r a g ,  

( 4 )  E f f e c t  o f  d e c r e a s i n g  a n g l e  o f  dead- r i s e  en after- 
body 

D e c r e a s i n g  t h e  a n g l e  c f  aead  r i s e  o n  t h a  a f t e r -  
body d e c r e a s e s  t h e  t r i m  at  s p e e d s  up t o  and i n c l u d -  
i n g  t h e  hump s p e e d .  The  d e c r e a s e  i n  trim r e d u c e s  
t h e  r e s i e t a n c e  2t t h e s e  s p e e d s  and  t e n d s  t o  i n c r e a s e  
t h e  c l e a r a n c e  o f  t h e  t a i l  e x t e n s 5 o n .  
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( 5 )  E f f e c t  o f  i n c r e a s i n g  d e p t h  o f  s t e p  

f n c r e a s i n g  t h e  d e p t h  o f  t h e  s t e p  by  r a i s i n g  t h e  
a f t e r b o d y  p a . r a l l e 1  t o  i t s e l f  h a s  o n l y  a small e f f e c t  
on r e s i s t a n c e  and  s p r a y  a t  l o w  s p e e d s  and d e c r e a s e s  
r e s i s t a n c e  a t  p l a n i n g  s p e e d s .  T o o  s h a l l o w  a s t e p  
r e s u l t s  i n  a v i o l e n t  i n s t a b i l i t y  a t  h i g h  s p e e d s  t h a t  
I s  most p ronounced  when t h e  a f t e r b o d y  k e e l  a p p r o a c h e s  
t h e  h o r i z o n t a l .  I n c r e a s i n g  t h e  d e p t h  o f  s t e p  f r o m  
2,5 t o  4.4 p e r c e n t  o f  t h e  beam i n c r e a s e s  t h e  ae rody-  
namic d r a g  o n l y  2 p e r c e n t .  

( 6 )  E f f e c t  o f  i n c r e a s i n g  a n g l e  o f  a f t e r b o d y  k e e l  

I n c r e a s i n g  t h e  a n g l e  of a f t e r b o d y  k e e l  r e s u l t s  i n  
Large  i n c r e a s e s  f n  t r i m  and  r e s t s t a n c e  a t  th.e hump 
s g e e d ,  m o s t  o f  t h e  i n c r e a s e  i n  r e s i s t a n c e  b e i n g  a t-  
t r i b u t e d  t o  t h e  i n c r e a s e  i n  brin; i t  l o w e r s  t h e  r e -  
s i s t a n c e  a t  p l a n i n g  speeds .  A l o w  a n g l e  o f  a f t e r b o d y  
k e e l  r e s u l t s  i n  t h e  c l e a n e e t  r l i n n i n g  a t  l o w  speeds .  
I n c r e a s i n g  t h s  a n g l e  o f  afterbQcl37 k e e l  i n c r e a s e s  the 
trim a t  which t h e  v i o l e n t  i n s t a b i l i t y  r e s u l t i n g  f rom 
t o o  shallrJw a stGp will be  e n c o u n t e r e d .  

( 7 )  Z f f o c t  o f  a d d i t i o n  o f  c h i n e  f l a r e  

Chine flare added. e x t e r i o r  t o  t h e  s t r a i g h t  b o t -  
tom s e c t i o n s  of t h e  f o r e b o d y  h a s  o n l y  a small ef-  
f e c t  on t h e  r e s i s t a n c e  and  t r i m  up  t o  a n d  i n c l u d i n g  
t h e  'nunip spced  5 u t  r e s u l t s  i n  a marked im2rovement i n  
c l e a n n e s s  o f  r u n n i n g .  Chine f l a r e  added t o  t h e  a f t e r -  
b&dy  reduces  t h e  r e s i s t a n c e  a t  t h e  hump speed  and  
s l i g h t l y  i n c r e a s e s  t h e  r e s i s t a n c e  a% p l a n i n g  s p e e d s .  

( 8 )  E f f e c t  o f  a d c ! i t i o n  o f  t h i r d  p l a n i n g  s u r f a c e  

!Phe a d d i t i o n  o f  a t h i r d  p l a n i n g  s u r f a c e  on t h e  
model w i t h  t h e  l o w e s t  s t e r n  h a s  a n e g l i g i b l e  e f f e c t  
on t h e  t r i a  a n d  r e s i s t a n c e  - a r e m a r k a b l e  r e s u l t  be- 
c a u s e  t h e  s t e r n  s e c t i o n s  w i t h o u t  t h e  p l a n i n g  s u r f a c e  
a r e  c i r c u l a r  a n d  heavt3.y w e t t e d .  The a d d i t i o n  o f  t h e  
p l a n i n g  surface somewhat r e d u c e s  t h e  w e t t i n g  o f  t h e  
s t e r n .  

( 9 )  B f f e c t  of rounded  c h i n e s  a t  bow 

Bounding  t h e  chir_es a% t h e  bow r e s u l t s  i n  v e r y  
p o o r  spray c h a r a c t e r i s t i c s  i n  s n o o t h  w a t e r  and proba- 
b l y  would be i m p r a c t i c a b l e  i n  r o u g h  w a t e r .  
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(10) Des ign  c h a r t s  

The r e s u l t s  pf g e n e r a l  f r e e - t o - t r i m  and  f i x e d-  
t r i m  t e s t s  o f  a model i n c o r p o r a t i n g  t h e  m o s t  p romis-  
i n g  o f  t h e  f o r m s  t e s t o d  a r e  p r e s e n t e d  i n  t h e  f o r m  of  
d e s i g n  c h a r t s  f o r  e s t i m a t i n g  s t a t i c  water l i n e s  a n d  
t a k e- o f f  p e r f o r m a n c e ,  The ae rodynamic  d a t a ,  b e c a u s e  
o f  t h e i r  u n i q u e  c % a r a c t e r ,  a r e  p r e s e n t e d  c c m p l e t e l y  
f o r  u s e  i n  e s t i u a t i n g  t h e  e f f e c t  of  t h e  v a r i a b l e s  
i n v a s t i g a t s d  on aerodyncinic  p e r f o r m a n c e .  

I t  2 s  c o n c l u d e 3  t h a t  t h e  ae rodynamic  d-rag o f  a p l a n-  
i n g  t y p e  o f  h u l l  need  n o t  be lnore t 3 a n  25 p e r c e n t  g r e a t e r  
t h a n  t h a S  c f  t h e  s t r e a m l i n e  b o d y  f r o m  which i t  i s  d e r i v e d ,  
T h i s  B i f f s r e n c c  might be r educod  by t h e  deve lopment  o f  a 
f c r r n  o f  a f t e r b o d y  t h a t  has l a s s  i n f l u e n c e  on  t h e  f l o w  t h a n  
d o e s  t h e  c o n v e n t i o n a l  p o i n t e d  t a p e o  

The ae rodgnamfc  d.rag c f  h u l l s  i s  a n  i m p o s t a n t  f a c t o r  
i n  t h e  c?eeign o f  Long- range f l y i n g  S c a t s ,  n o t  o n l y  be- 
c a u s e  o f  its e f f e c t  c n  sneec! b u t  a l s o  b e c a u s e  o f  i t s  i n -  
f l u e n c e  3n  pa^ l o a d ,  wkich i s  3 o r e  i m p o r t a n t ,  Because  o f  
the l o n g  d i s t a n c e  i n v o l v e d  i n  t r a n s o c e a n i c  r o u t e s ,  t h e  f u e l  
l o a d  must De a l a r g e  p a r t  c f  t h e  u s e f u l  l o a d  c a r r i e d .  The 
pay l o a d  on such  f l i g k t s  i s  small  and- i t s  s i z e  i s  largely 
d e p e n d e n t  on tLe  magn i tude  o f  t h e  f u e l  l o a d ,  even  i n  c a s e s  
o f  t L e  l a r g e s t  c r a f t  n o v  b u i l t  o r  c o n t e m p l a t e d .  Vnder 
t h e s e  C o n d i t i j n s  of c p e r a t i o n ,  t h e  i se igh t  o f  t h e  f u e l  re-  
q u i r e d  f o r  power t o  osrerccrne t h e  d r a g  o f  t h e  h u l l  is l a r g e  
i n  t e r m s  o f  p a g  l o a d .  2 5 e  2uTthe r  deve lopment  o f  t h e  plan- .  
i n g  t y p e  o f  hull.  f o r  l ong- range  f l y i c g  b o a t s ,  t h e r e f o r e ,  
shou ld  be toward  f o r m s  t h a t  combine t h e  lowes t  p o s s i b l e  
aerodynamic d r a g  w i t h  e a t l s f a c t o s y  hydrod-ynamic q u a l i t i e s ,  

The f i r s t  s t e p  by t h e  HAC'CL i n  f u r t h e r i n g  t h i s  deve lop-  
IIIellt was t h e  i n y e s t i g a t i o n  o f  t v o  f o r n s  o f  b U 1 L  i n  which 
t'ns f o r 3  and  a f 5 e r  p i a n i h g  s u r f a c e s  v e r e  sLaped t o  f o l l o w  
a s  c l o s e l : -  as p o f : s i b l e  aa a r b i t r a r y  s t r 3 a r a l i n e  body d e r i v e d  
f r o m  a s o l i d  o f  r e v o l u t i o n  ( r e f e r e n c e  1). Ths forms were 
g e n e r e l l j .  s a t i s f a c t o r y  i n  t h e  t a n k  a l t h o u g h  t h e y  showed 
some ev lder -ce  o f  ! ' s t i c k i n g "  a n d  h i g h- w a t e r  r e s i s t a a c e  a t  
h i g h  speeds  and. s a n e  M d i r t i n e s s "  a t  l o w  s p e e d s ,  T h e i r  
ae rodynamtc  drag w 8 s  Zs;w enou:b, however ,  t o  w a r r a n t  t h e  
a c c e p t a n o e  o f  & c e r t a i n  d e g r e o  o f  p o o r  w a t e r  pe r fo rmance .  

P 
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I t  v a s  e v i d e n t  f r o %  t h e  tF-nk t e s t s  o f  t h e s e  models  
t h a t  t h e  l i m i t a t i o a s  on r e d u c t i o n s  i n  ae rodynamic  d r a g  
i n n o s e d  by t h e  hydrcdynzimic r e q u i r e m e n t s  were  n o t  d e f i n i t e  
enough t o  prov5.de s i m p l e  g u i d e s  f o r  t h e  most f a v o r a b l e  
compromise,  i t  was t h e r e f o r e  d e c i d e d  t o  o b t a i n  hydrody-  
n a n i c  a n d  a e s o d y n a n l c  information on a s e r i e s  o f  r e l a t e d  
f o r s n s  o f  h u l l  r e p r e s e n t i n g  v a r i o u s  d e g r e e s  o f  ccmpromise 
bz tween  t h e  r e a u f r e m e n t s  i n  t h e  air and  on t h e  water, 
These  d a t a  would make i t  p o s s i b l e  t o  o b t a i n  a n  i d e a  o f  
t h e  c o s t  i n  w a t e r  pe r fo rmance  t o  be  p a i d  f o r  f u r t h e r  aero-  
clynanic r e f i n e m e n t  and  05 t h e  c o s t  i n  r a n g e  o r  pay  l o a d  
t o  be  p a i d  f o r  c e r t a i n  3 e s i r a b l . e  hydrodynamic c h a r a c t e r -  
i s t i c s  a n d  w o n l d  b e  f u r t h e r  gixides f o r  o v e r - a l l  improve-  
ments  i n  f o r m .  The  NACA n o d e l  84 s e r i e s  o f  h u l l s  w a s  de-  
s i g n e d  f o r  t h i s  p u r p o s e ,  

T h e  models  o f  t h . e  s e r i e s  were  made g e n e r a l l y  s i m i -  
l a r  t o  ,!lode1 74-8. ( r e f a r c n e e  2.) e x c e p t  t h a t  a V - s o e t i o n  
was a d o p t e d  % o r  t h e  p l a n i n g  s u r f a c e s  i n s t e a d  o f  t h e  s e c-  
t i o n  w i t h  rounded  k e e l  i n c o r p o r a t e d  i n  t ha t  model. The 
u s e  o f  t h e  V - s e c t i o n  r e s u - l t e d  in s l i g h t l y  g r e a t e r  d e p a r t u r e  
f r o m  t h e  f o r u  o f  % n e  b z s i c  s t~earnl : ' .ne  body t h a n  WZLS t h e  
c a s e  ;crith t h e  e a r l i e r  rnodels b u t  sserned t o  be p r e f e r a b l e  
f o r  o p e r a t i o n  i n  waves.  I n  t h e  d e s i g n  o f  t h e  s e r i e s ,  t h e  
p l a n  forms o f  t h e  r.tream3.ine body  a n &  t h e  p l a n i n g  s u r f a c e s  
were h e l d  c o n s t a n t .  T h e  v a r i a t i o n s  o f  form i n c l u d e d  i n  
t h e  scope  o f  t h e  i n v e s t i g a t i o n  a r e  a s  follows: 

H e i g h t  o f  bow 
H e i g h t  o f  s t e r n  
Angle  o f  dead r i s e  at bow 
Angle  o f  dead r i s e  on  r t f t e r t o d y  
Depth  o f  s t e p  
Angle  o f  a f t e r b o 2 y  k e e l  
AddiCiora o f  c h i n e  f l a r e  
Addition o f  t h i r d  p l a n i n g  s u r f a c e  on t a i l  
Roundeng o f  c h i n e s  a t  bow 
E e p t h  o f  s t r e a m l i n e  body 

The models of t h e  s e r i e s  were t e s t e d  i n  RACA t a n k  1 
t o  o b t a i n  t h a  e f f e c t s  o f  t h e  v a r i a t i o n s  i n  f o r m  on  t h e  wa- 
t e r  r e s i s t a n c e ,  f l o w ,  a n d  g e n e r a l  b e h a v i c r .  The aerodynam-  
i c  t e s t 8  were made in t h e  lTh.CA 8 - f o o t  high-spa;ed t u n n e l  
a n &  p r o v i d e d  Bn u n u s u a l  o p p o r t u n i t y  t o  o b t a i n  t h e  e f f e c t s  
o n  t h e  ae rodynamic  f ~ r ~ e s  a t  h i g h  v a l u e s  o f  t h e  S e y n o l d s  
number. The t e s t s  i n  35th thc: t a n k  a:rd t h e  wind t u n n e l  
were made w i t h  models  of tlna h u l l  a l o n e  and  h e n c e  do  not 
i n c l u d e  t h e  e f f e c t s  of i n t e r f e r e n c e s  b e t v e e n  t h e  h u l l  a n d  
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thE ae rodynamic  s u r f a c e s  o r  t h e  possible e f f e c t s  o f  t h e  
c h a n g e s  i n  form on t h e  dynamic s t a b i l i t y .  

DESCRIPTION OF MODELS 

The l i n e s  o f  t h e  NACA model 84 series, i l l u s t r a t i n g  
t h e  m u t u a l  r e l a t i o n s h i p s  c f  t h e  v a r 5 a t i o n s  i n  form,  a r e  
shown i n  f i g u r e  2 ,  E n l a r g e d  body p l a n s  showing t h e  shape  
o f  t h e  t r a n s v e r s e  s e c t i o n s  i n  d e t a i l  are g i v e n  i n  f i g u r e  2 .  
Thi: n u m s r i c a l  v a l u e s  o f  t h e  offsets u s e d  i n  t h e  c o n s t r u c -  
t i o n  o f  t h e  models  a r c  i n c l u d e d  i n  G a b l e s  I t o  111 for 
u s e  in r e p r o d u c i n g  the $ a t a i l e d  form o f  t h e  s e c t i s n s .  

The basic f o r m s  i n  a l l  c a s e s  were der ived .  from t h e  
a r b i t r a r y  body o f  r e v o l u t i o n ,  h a v i n g  a f i n e n e s s  r a t i o  o f  
7.22 anil maximum o r d i n a t e  a t  3 0  p e r c e n t  of t h e  l e n g t h ,  de- 
s c r i b e &  i n  r e f e r e n c e  l .  Because o f  t h e  a n t i c i p a t e d  use  
o f  s u p e r c h a r g e d  hu l . i s  % o r  l o n g- r a n g e  s e a p l a n e s ,  t h e  b a s i c  
f o r m s  weye cons idercc? ,  t o  r e p r e s e n t  t h o  c i r c m l a r  s h e l l  un- 
d e r  i n t e r n a l  p r o s r s u r o  and t h e  m o d i f i c a t i o n s  f o r  w a t e r  p e r -  
f o r n a n c a  were ,  i n  general, nado e x t e r i o r  t o  them,  

The  b a s i c  cross s e c t i o n  o f  t h e  91.aning s u r f a c e s  i s  a 
s t r a i g h t  V' h a v i n g  a n  a n g l e  o f  d a a d  r i s e  of 20 . The 
s i d e s  o f  t h e  V W O P C  drawn t a n g e n t  t o  o r  a s  c i o s o  t o  t h e  
c i r c u l a r  s c c t i c n  o f  t h e  b a s i c  form as  t h s  p r o p e r  l o n g i t u d i -  
n a l  f o r m  o f  t;le p l a n i n g  s u r f a c e s  would a l l o w .  T y p i c a l  re-  
l a t i o n s h i p s  between t h e  s e c t i l - n s  of  t h o  p l a n i n g  s u r f a c e s  
and  t h o s e  o f  t h e  b a s i c  f o r m s  5 r c  i n c t i c a t e d  on t h e  body 
p l a n s .  

0 

In a l l  t k e  mode l s ,  t h e  axis of  t h e  body  o f  r e v g l u t i o n  
was t a k e n  a s  t h e  b a s e  l i n e ,  T h e  v a r i a t i o n s  i n  h e i g h t  o f  
bow and  i n  h e i g h t  o f  s t e r n  were o b t a i n e d  by b e n d i n g  t h o  
a x i s  ( c o n t e r  of r a d i i )  verLica1I .y upwa-rd f r o m  s t a t i o n  LO, 
which i s  a t  t h e  maximum o r d i n a t e ,  t oward  t h e  e n d s .  I n  t b e  
v a r i a t i o n s  o f  t h e  bow, t h o  s e c t i o n s  o f  bows 1, 2 ,  and 3 and 
t h e  s e c t i o n s  of bows 2B and 3 B  a r e  t h e  same, t h e  d i f f e r -  
e n c e s  b e i n g  i n  t h e i r  v e r t t c a l  p o s i t i o n .  The a x i s  of  bow 1 
i s  h c r i z o n t a l  and c o i n c i d e s  w i t h  t h e  b a s e  l i n e .  The c h i n e s  
a t  t h e  bow a r e  l e c a t c d  i n  a p l a n e  p a s s i n g  t h r o u g h  t h e  axis 
o f  r c - v o l u t i o n  o f  t h e  b a s i c  f o r m .  The c u r v a t u r e  o f  t h e  
a x e s  o €  bows 3 and  33 i s  s u c h  a s  t o  g i v e  a h o r i z o n t a l  d e c k  
l i n e  f o r w a r d .  The h e i g h t s  o f  t h e  a x e s  o f  bows 2 and 2B 
are o n e- h a l f  t h o s e  o f  bows 3 and 33; t h u s  t h e  v a r i a t 2 o n s  
i n  h e i g h t  o f  b o w  s e c t i o n s  i n  t h e  s e r i e s  a r e  l i n e a r .  I n  
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t h e  v a r i s t i o n s  o f  t h e  s t e r n ,  t b e  h e i g h t  o f  t h e  b a s i c  form 
vas changed b u t  t h a t  o f  t h e  p l a n i n g  s u r f a c e s  w a s  h e l d  con- 
s t a n t .  The axis of s t e r n  1 % s  h o r i z o n t a l  a n d  c o i n c i d e s  
w i t h  t h e  base l i c e .  %'Lis s t e r n  w a s  n o t  i i c l u d e d  i n  t h e  
h u l l  modela becar+se t h e  t a i l  o b v i o u s l y  i s  t o o  l o w  f o r  a 
s u i t a b l e  s u p p o r t  f o r  t a i l  s u r f s c e s  and f o r  p r o p e r  l o c a t i o n  
o f  t h e  a f t e r  p l a n i n g  s u r f c c e  e x t e r i o r  t o  t h e  b a s i c  f o r m .  
The c u r v a t u r e  of  t h e  a x i s  o f  the b a s i c  form o f  s t e r n  3 i s  
such a s  t o  g i v e  P i i o r i z o n t t . 1  desk  l i n e  a f t .  The h e i g h t s  
o f  t h e  a x e s  o f  s t e r n s  2 ani! 2C c7re one- ha l f  t h o s e  o f  
s t e r n  3 s n d  t h e  h a i g h t  of  t h e  a x i s  of  s t e r n  4 i s  1.5 t i m e s  
t h o s e  of s t e r n  3; thas  t h e  v a r i ~ t f o n s  i n  t h e  h e i g h t  o f  t h e  
'03sic f o r m  aft znd  i n  t h e  vcrticpl d i s t a n c e  between t h e  
basic form and t h e  after plt . :nfng s u r f a c e  s r e  l i n e a r .  

I n  bows I., 2 ,  a n d  3 ,  t h e  ' V - b o t t o m  s e c t i o n s  z r e  t a n -  
g e n t  t - o  t h e  b q s i c  strcarnlize f o r n  a n &  have a c o n s t a n t  
a n g l e  o f  dead rise of  20' .  These s e c t i o n s  r e s u l t  i n  n 
d e v e l o p a b l e  b o t t o m  s u r f a c e  2nd EL minimum d e p a r t u r e  f r o n  
t h e  b a s i c  f o r a  f o r  V"-sec t ions  e x t e r i o r  t o  it. In b 0 ~ 8  2B 
and 33, t h e  original k e e l  line w a ~  dropped t o  g i v e  a p r o -  
g r e s s i v e  i n c r e a s e  i n  p n g l e  o f  tleaii ;cis0 from 20' at  s ta-  
t i o n  10 t o  EOo a t  t 5 e  'bow. Thif i  m o d i f i c a t i o n  r e E u l t s  i n  
g r a s t e r  d e p a r t u r e  f r o c i  t h o  b a s i c  f o r a  b u t  p r o v i d e s  a 
s h a r p e r  e n t r e n c c  f o r  t h e  immerse& p o r t i o n  o f  t h e  h u l l .  

The c h i n e  f l a r e  3-3 e x t c r i o s  t o  and t a n g e n t  t o  t h e  
s t r a i g h t  g - s e c t i o n s  acd t h e r e f o r e  slightly s e d u c e s  t h e  
e f f e c t i v e  dead  r i s e .  F o r x r d  o f  s t a t i o n  10, i t s  w i d t h  i s  
o n e - f i f t h  t h e  h n l f - b r e a d t h  and i t  i s  c u r v a d  t o  be h o r i z o n-  
t a l  a t  t h o  c h i n o .  A f t  o f  s t a t i o n  1 0 ,  t h e  v i d t h  o f  t h e  
c h i n e  f l a r e  i s  a r b i t r s s i l y  r e d u c e d  t o  18 p e r c e n t  o f  t h e  
h a l f - b r e a d t h  a t  t h e  s t e p  s n d  t h e  a n g l e  of t h e  c h i n e  i s  
s l i g h t l y  Tbove t k e  h o r i z o n t a l . .  In t h i s  r e g i o n ,  t h e  w i d t h  
i n b o a r &  o f  t h e  f l a r e  3.8 c o x n t a n t .  Oa t h e  a f t e r b o d y ,  t h e  
f o r m  o f  t h e  flare t z t  each s t a t i o n  i s  t h e  same a s  a t  t h e  
s t e p ,  The m o d e l s  were o r i g i n a l l y  made w i t h  t h e  flare, 
which W E S  removcih d u r i n g  t h e  t a n k  t e s t s  by p l a n i n g  i t  o f f .  

The a o & e l s  o f  t h e  s t 2 r i e s  ware  matie w i t h  a coItmon 
d e p t h  05 s t e p  of 2.58 p e r c a n t  o f  t h e  beaa at t h e  s t e p  and 
a n  a n g l e  o f  a f t o r b o d y  k e e l  o f  5.50 ' .  These  values r e -  
sulted i n  t h e  nEghest  p o s i t t o n  of t h e  a f t c r b o d v  p l an ing  
s u r f a c e  f o r  s t e r n  2 w i t h o u t  c u t t i n g  i n t o  t h e  basio f o r n  
a f t  arid r e p r e s e n t e d  t h e  l o w e r  l i n i t s  o f  d e p t h  a n 8  a n g l e  
used i , z  p r a c t i c o .  Higher  vnZzzcs vera o b t a i n e d  w i t h  r e-  
movable blocks f i t t e d  i n  s t e r n  4 ,  tnrhieh had  s u f f i c i e n t  
c l e a r a n c e  batwaen t h e  hfghctst  a f t e r b o d y  p o s i t i o n  a n d  t h e  
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Depth  of s t e p ,  p e r c e n t  B l o c k  

b a s i c  f o y m  t o  a v o i d  c u t t i n g  i n t o  i t .  F i v e  b l o c k s  were 
p r o v i d e d  as  f o l l s w s :  

Ang le  of a f t e r b o d y  

4.52 

42 2.58 

4G. 2,58 

4% 1 
4D 

5.50 

7.25 

9 .00  

3 . 5 5  5 .50  

B l o c k  4 was made w i t h  c h i n e  f l a r e ,  which was subse-  
q u e n t l y  ~ e m o v e d .  F o r  s i m p l i c i t y ,  t h e  r e m a i n i n g  b l o c k s  
were made m7ith s t r a i g h t  V - s e c t i o n s  an& t h e  models  were 
t a s t e d  w i t h  c h i n e  f l a r e  on t h e  f o r e b o d y  o n l y ,  

An a d d i t i o n a l  b l o c k ,  b l o c k  4EI, h a v i n g  s t r a i g h t  v-* 
s e c t i o n s  w i t l l o the  a n g l e  o f  dead  r i s e  d e c r e a s e d  f r c m  20 at 
t h e  s t e p  t o  0 a t  t h e  s t e r n  y o s t  w a g  p r o v i d e d  f o r  s t e r n  4 .  
f n  t h i s  b l e c k ,  t h e  d e p t h  sf s t e p  was 2.58 p e r c e n t  o f  t h e  
beam a t  t h e  step a n d  the a n g l e  o f  a f t e r b o d y  k e e l  was 7.25'. 

S t e r n  2C i s  thesame  a s  s t e r n  2 excop t  t h a t  t h e  s h a p e  
c f  t h e  b a s i c  form w a s  a l t e r e d  t o  p r o v i a e  a t h i r d  p l a n i n g  
s u r f a c e  under. t h e  t a i l  f o r  c l e a n e r  r u n n i n g  d u r i n g  fmmer- 
s i o n  a t  1 3 w  s p e e d s .  The s u r f a c e  h a s  s t r a i g h t  T - s e c t i o n s  
with 20' a n g l e  o f  d-ea& r i s e  a n d  fades out  aB6ve t h e  a f t e r -  
body p l a n i n g  s u r f a c e  i n  t h e  u s u a l  manner.  In t h i s  c a s e ,  
t h e  s u r f a c e  c u t s  i n t o  t h a t  o f  t h o  ba s i c  f a r m ;  i t  i s  un-  
l i k e l y  t ha t  t h i s  part o f  t h e  h u l l  would be  s u p e r c h a r g e d .  
S t e r n  2 was chosen  f o r  t h i s  m o d i f i c a t i o n  b e c a u s e  of  t h e  
a d d i t i s n a l  d i r t i n e s s  e x p e c t e d  w i t h  t h e  l o w  t a i l ,  which 
would n o t  be  s o  marked i n  t h e  c a s e  o f  t h e  h i g h e r  t a i l s .  

Bow 1A. i s  t h s  same as bow 1 e x c e p t  t h a t  t h e  chines 
a re  r o u n d e d  f c r w a r d  o f  s t a t i o n  7 u s i n g  pn e x p a n d i n g  r a d i u s  
a s  shown on t h e  body p l a n  ( f i g .  2 ( a ) ) .  This m o d i f i c a t i o n  
was a p p l i e d  o n l y  t o  t h e  l o w  bow b e c a u s e  t h e  hydrodynamic 
e f l "ec t  o f  t h e  rounded  c h i n e s  would be l e s s  marked i n  t h e  
case o f  t h e  h i g h e r  bows. 

F i g u r e  3 shows  p r o f i l e s  o f  t h e  models  t e s t e d  i n  t h e  
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v i n d  t u n n e l  i n  t h e  p re sen t ;  i n v e s t i g a t i o n .  N o s e  1 and  t a i l  
1 r e p r o d u c e  t h e  body  o f  r e v o l u t i o n  f r c m  which t h e  models  
o f  t h e  s e r i e s  were d e r i v e d  and  t h e  c c m b i n a t i o n  r e p r e s e n t s  
t h e  s t r e a r n l i n e  body o f  l o w e s t  d rag  w i t h  which t h e  d r a g s  of  
t h e  h u l l  models  may be  compared,  I n  t h e  second  f o r m ,  t h e  
d e p t h  o f  t h e  o r i g i n a l  body i s  a r b i t r a r i l y  i n c r e a s e d  50 
p e r c e n t  by i n s e r t i n g  a u n i f o r m  s p a c e r  a t  t h e  a x i s  o f  r e v o-  
l u t i o n .  T h i s  m o d i f i c a t i o n  d o e s  n o t  a f f e c t  t h e  hydrodynamic 
c h s r a c t e r i s t i c s  and  t h e r e f o r e  was n o t  i n c l u d e d  i n  t h e  t a n k  
s e r i e s .  The r e s t  o f  t h e  f o r m s  i n v e s t i g a t e d  a r e  t h e  same 
as  t h o s e  t e s t e d  i n  t h e  t a n k .  

The m o d e l s  o f  t h e  s e r i e s  a r e  i d e n t i f i e d  i n  t h e  data 
from t h e  t e s t s  a c c o r d i n g  t o  t a b l e  IT. The models  were  
made o f  l a u i i n a t e d  w h i t e  p i n e  i n  s e c t i o n s ,  d i v i d e d  v e r t i -  
c a l l y  a t  s t a t i o n  10 ( m a x i m u m  bezm) a n d  h o r i z o n t a l l y  a l o n g  
t h s  a x s s  of' t h e  b a s i c  f o r m s .  ?he  bois and  t h e  s t e r n  s e c -  
t i 3 n s  wera  b o l t e d  t o g e t h a r  i n t e r n a l l y  and  t h e  t o p  and b o t -  
tcm h a l v e s  w e r e  h e l d  t o g e t h e r  b y  t h r o u g h  b o l t s ;  t h e  r e -  
c e s s e s  f o r  t h e  G u t s  o f  t n e s c  b 9 l t s  were  f i l l e d  w i t h  beeswax 
and  p l a s t i c i n e .  T h i s  s r r a n g e m e n t  p r o v i d e d  t h e  v a r i e t y  of  
f o r m s  d e s c r i b e d  w i t h  t h e  minimum ~f component p a r t s  and  a 
means o f  i n c r e a s i n g  t k e  d e p t h  o f  a n y  Eodel  by s p a c e r s ,  a s  
i n  model 84- 1,  

F o r  t h e  t a n k  t e s t s ,  t h e  models  were f i l l e d  by s e v e r a l  
c o a t s  o f  t h i n n e d  v a r n i s h  and  f i n i s h e d  w i t h  t h r e e  c o a t s  o f  
g r e y  p igmen ted  v a r n i s h  rubbed  be tween  c o a t s .  S p e c i a l  c a r e  
was t a k e n  t o  p r e v e n t  s w e l l i n g  o f  t h e  p i e c e s  b e c a u s e  o f  
m o i s t u r e ,  and  t h e  s l i g h t  l e d g e s  a t  t h e  j o i n t s  found  on as-  
sembly wsre s a t i s f a c t o r i l y  f a i r e d  w i t h  beeswax.  

F ; r  t h e  ae rodynamic  t e s t s ,  f r o a  14  t o  20 c o a t s  o f  
l a c q u e r  were  s n r a y e d  o n  t h e  models  and  t h e  l a c q u e r  w a s  
s anded  be tween  c o a t s .  The f i n a l  c o a t  o f  l a c q u e r  was f i n -  
i s h e d  by  s a n d i n g  i n  t h e  d i r e c t i . c n  o f  a i r  flow with Xo.  
400 carboru-ndum p a p e r  u n t i l  t h e  a o d e l s  were ae rodynamic-  
ally ~ n ? o o t h .  U n f o r t u n a t e l y ,  t h e  p h o t o g r a p h s  i n d i c a t e  a 
d e g r e e  o f  i r r e g u l a r i t y  and r o u g h n e s s  t h a t  d i d  n o t  e x i s t .  
T h i s  a p p e a r a n c e  o f  r o u g h n e s s  was c a u s e d  b y  t h e  v a r i a t i o n  
i n  s h a d e s  o f  t h o  f i l l e r  and  t h e  paint that; were  u s e d .  

BYDRODYN.&MIC TESTS 

A p p a r a t u s  and P r o c e d u r e  

NACA t a n k  3 ,  i n  which t h e  models  vera t o w e d ,  i s  de- 
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s c r i b e d  i n  r e f e f e n c e  2 .  The most comprehens ive  d e s c r i p t i o n  
o f  t h e  p r e s e n t  equipment  a n d  o f  methods o f  t e s t i n g  may be  
found  i n  r e f a r e n c e  3 .  

M o s t  o f  t h e  v n r i a t i o z s  i n  t h e  s e r i e s  a r e  o f  such a 
n a t u r e  tSat t h e  p a r t s  changed a r e  c l e a r  o f  t h e  w a t e r  e x c e p t  
a t  l e v  s p e e d s  when t h e  models  are d e e p l y  immersed.  A t  t h e s e  
s p e e d s ,  t h e  water f o r c e s  p r e d o m i n a t e  a n d  t h e  t r i m  i s  n o t  
g r e a t l y  i n f l u e n c e d  by t h e  p o s i t i o n  o f  t h e  c e n t e r  o f  g r a v i t y  
or by e x t e r n a l .  moments a p p l i e d  by t h e  p r o p e l l e r s  and  a e r o-  
dynamic s u r f a c e s .  I t  was t h a r e f o r e  c o n s i d e r e d  a d e q u a t e  t o  
i n v e s t i g a t e  t h e  e f f " e c t  o f  t h 8  v a r i a t i o n s  by g e n e r a l  f r e e- t o-  
t r i m  t e s t s  u p  t o  t h e  speed  a t  which t h e  a f t e r b o d y  p l a n i n g  
s u r f a c e  was f i r s t  c l e a r  o r '  t h e  w a t e r .  This p r o c e d u r e  p r o-  
v i d e d  representative i n f o r m a t i o n  on r e s i s t a n c e  and f l o w  
a b o u t  t h e  models  a t  triTns c o r r e s p o n d i n g  t o  t h o s e  encoun-  
t e r o d  i p  p r a c t i c e .  A t  t h e  same t i m e  i t  g r e a t l y  r e d u c e d  t h e  
t e s t i n g  r e q u i r e d  t o  a b t a i n  sim-tlar i n f o r n a t i o n  by g e n e r a l  
t e s t s  a t  f i x e d  t r i m ,  

I n  t h e  c a s e  o f  v a r i a t i o n s  i n  t h e  f o r m  t h a t  a r e  n o r-  
m a l l g  w e t t e d  a t  p l a n i n g  s p e e d s ,  t h e  u s u a l  g e n e r a l  t s s t s  a t  
f i x e d  t r i m  were made ove r  a wide  r a n g e  o f  s p e e d ,  load, and  
t r i m  t o  d e t e r m i n e  She e f f e c t  o f  t h e  v a r i a t i o n s  i n  f o r m  on 
t h e  r e s i s t a n c e  and  b e h a v i o r  a t  high s p e e d s  a n &  i n  a d d i t i o n  
t o  p r o v i d e  da t a  f o r  desigia  purposes, A l l  t h e  models  were  
t e s t e d  by t h e  g o n s r a l  f T o e - t o - t r i m  method a t  l o w  speeds  a n d  
models  54-AF,  84-$I?.-1, 84-EF-3,  and  84-EF-4 were t e s t e d  by 
t h a  g e n e r a l  f i x e d - t r i m  method. 

In t h e  f r e e - t o - t r i m  t e s t s ,  t h o  model. was f r e e  t o  p i v o t  
about  a n  assumea c e n t e r  o f  g r a v i t y  and  was b a l a n c e d  a b o u t  
t h i s  p o i n t .  F o r  c o n v e n i e n c e ,  t h e  p i v o t  was l o c a t e d  above 
t h e  d-cck l i n e  on t h e  a s s u m p t i o n  t h a t  small c h a n g e s  i n  v e r-  
t i c a l  p o s i t i o n  would have  small e f f e c t  on t h e  trim. Wodsf 
84-EP, h a v i n g  t h e  l o w  bow a n d  h i g h  s t e r n ,  was t e s t e d  f i r s t  
w i t h  t h r e e  l o s g i t u d i s a l  p o s i t i o n s  of  t h e  e e n t o r  o f  g r a v i t y .  
Y r o m  t h e  r e s u l t s  o f  these t e s t s ,  t h e  p o s i t i o n  7 . 2 0  i n c h a s  
f o r w a r d  o f  t h e  s t e p  w a s  chose2  a s  a s u i t a b l e  common p o s i -  
t i o n  f o r  all t h e  models  and as  t h e  c c n t a r  o f  moments f o r  
t h G  t e s t s  a t  f i x e d  t r i m ,  

The a p p e a r a n c s  o f  oxcess i t ' e  d i r t i n c h s  and  sprsty a t  t h e  
bow a t  l o w  s p e e d s  w a s  assume& t o  i n d i c a t e  t h e  maximun prac- 
t i c a l  l o a d  and  was found  t o  be t h a t  c o r r e s p o n d i n g  t o  a l o a d  
c o e f f i c i e n t  o f  0.8 a t  t h e  hump s p e e d .  I t  was n o t  c o n s i d-  
e r e d  a d v i s a b l e  t o  go t o  h i g h e r  l o a d  c o e f f i c i e n t s  w i t h  t h e  
l e n g t h- b e a n  r a t i o  u s e d  i n  t h e  s e r i e s  e v e 3  i n  t h e  case of  
t h e  h i g h e r  bows .  
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I n  jasdging t h e  e f f e c t s  o f  t h e  v a r i a t i o n s  on w a t e r  
p e r f o r m a n c e ,  t h e  f l o w  a n d  s p r a y  were c o n s i d e r e 8  t h e  m o s t  
i m p o r t a n t  hydrodynamic  d a t a  b e c a u s e  o f  t h e  small e f f e c t  O f  
m o s t  o f  t h e  v a r i a t i o n s  i n  f o r m  on t h e  r e s i s t a n c e  a t  t h e  
hump s p e e d .  A l a r g e  number o f  p h o t o g r a p h s  o f  t h e  spray 
p a t t e r n s  were ob ta ined .  t o  r e c o r d  t h e  e f f e c t  o a  t h e  s p r a y  
' p a t t e r n  o f  t h e  c h a n g e s  iz f o r m  and  t o  a i d  i n  d e t e r m i n i n g  
suitable compromises  w i t h  t h e  ae rodynamic  p r o p e r t i e s  a s  
de te rmined .  i n  t h e  wind- tunne l  t e s t s .  Tests involving v a r -  
i a t f o n s  i n  t h e  form o f  bow g e n e r a l l y  were p h o t o g r a p h e d  
f r o 3  ahead o f  t h e  moGel i n  o r d e r  t o  o b t a i n  i n d i c a t i o n s  o f  
t h e  r e l a t i v e  h e i g h t s  c f  t h e  b o v  spray;  and  t e s t s  invo1v-  
i n g  v a r l a t i e n s  i n  t h e  f o r m  a T t  were p h o t o g r a p h e d  f r o n  be- 
h i n d  t o  r e c o r d  t h e  s p r a y  p a t t e r n  I n  t h e  r e g i o n  of  t h e  t a i l  
e x t e n s i o n .  

R e s u l t s  and D F s c u s s i o n  

The r e s u l t s  o f  t b e  r r rode l  84 s e r i e s  t e s t s  were r e d u c e d  
t o  t h e  u s u a l  c o e f f i c i e n t s  b a s e d  on Frou .denS law t o  make 
them i n d e p e n d e n t  o f  s i z e .  I n  t h i s  c a s e ,  t h e  maximum bear3 
w a s  chosen  a x  t h e  c n a s a c t e r i s t i c  d i m e n s i o n ,  The nondimen- 
s i G n a l  c D e f f i s i e n t s  Rre d e i ' i x a d  a s  f o l l o w s :  

C A  l o a d  c o e f f i c i e n t  (A/1firb3! 

CZ r e s i s t a n c e  c o e f f i c i e n t  :3,!wb3) 

CV speed  c o e f f i c i e n t  ( ~ r / f i )  

CN t r imsing- nomen3 c c e f f i c i e n t  ( ~ / w b * )  

cd d r a f t  c o e f f i c i e n t  f d / b )  

where 

n l o a d  on w a t e r ,  pounds 

w s p e c i f i c  we igh t  o f  w a t e r ,  pounds  p e r  c v b i c  f c o t  
(63.3 f o r  t h e s e  t e s t s ;  u s u a l l y  t a k e n  a s  64. f o r  s e a  
vat e r  ) 

b maxircuL? beam, f e e t  

B r e s i s t a n c e ,  pouur.8~ 

V s p e e d ,  f e e t  p e r  second  
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g a c c e l e r a t i o n  o f  g r a v i t y ,  32.2 f e e t  p e r  s econd  p e r  
s econd  

M t r i m m i n g  moment, pound- fee t  

d d r a f t  a t  main s t e p ,  f e e t  

Any c o n s i s t e n t  s y s t e m  o f  u n i t s  may be  u s e d .  The mo- 
ment d a t a  a r e  r e f e r r e d  t o  t h e  c e n t e r  o f  moments shown i n  
f i g u r e  1. T a i l - h e a v y  moments a r e  c o n s i d e r e d  p o s i t i v e .  
T r i m  i s  t h e  a n g l e  be tween  t h e  base l i n e  o f  t h e  n o d e l  a n d  
t h e  h o r i z o n t a l .  

I_ S e l e c t i o n  ---- I- o f  -- t h e  l o n i ; . i t n d i n a l 2 o s i t i o n  _- o f  t h e  c e n t e r  
- o f  gravi3S.- The r e s u l t s  o f  t n e  g e n e s a l  f r e e - t o - t r i m  t e s t s  
o f  illode1 84-232 at t h r e e  f o r e- a n d- a f t  p a s i t i o n s  of t h e  c e n t e r  
o f  g r a v i t y  a r e  shown i n  f ig rc re  4, :'loving t h e  c e n t e r  o f  
g r a v i t y  f r o m  5 .7  i n c h e s  t o  7 . 2  i n c h e s  f o r w a r d  o f  t h e  s t e p  
c a u s e d  a small d-ecrease i n  t r i m  a n d  a small r e d u c t f o n  i n  re-  
s i s t a n c e .  Changing tkAe p o s i t i o n  f r o u  7 . 2  i n c h e s  t o  8 , 7  
i n c h e s  forward  o f  t h e  s t e p  p r o d u c e d  a n e g l i g i b l e  v a r i a t i o n  
i n  r e s i s t a n c e .  A t  t h e  m o s t  f o r w a r d  y o s i t i o n ,  t h e  l o w  t r i m  
mads t h e  b o w  a n p e a r  dirty a n d  t h e  n;oclel t i i s p l a y e d  a g r e a t e r  
t e n d e n c y  t a v a r ?  l o n g i t u d i n a l  i n s t a b i l i t y .  The i n t e r m e d i a t e  
p o s i t i o n ,  '7.2 i n c h e s  forrsa , rd  o f  t h e  s t e p ,  was n s e d  f o r  t h e  
r e s t  o f  t h e  i n v e s t i g a t i o n .  

B f f e c t  o f  v m y i n P  t i ? c , h e i & t  of' t h e  bow,- B a i s i n g  t h e  
b o w ,  i f  t h e  f o r e b o d y  l e n g t h  i s  k e p t  c o n s t a n t ,  r e d u c e s  t h e  
buoyan t  and hydrodynamic  l i f t  o f  t h e  forab0d.y a t  l o w  s p e e d s .  
T h i s  r e d u c t i o n  r e s u l t s  i n  t h e  d e c r e a s e  i n  t r i m  at; low speeds  
shown i n  t h o  g e n e r a l  f r e e - t o - t r i m  c u r v e s  o f  f i g u r e  5 .  The 
d e c r e a s e  i n  t r i m  i s  accompanied  by s d . e f i n i t e  i n c r e a s e  i n  
r e s i s t a n c e  f o r  t h e  h i g h e r  b o w s ,  models  84-BF a n d  8 4 - C Y .  I n  
t h e  Case o f  t h e  h i g h e r  bows ,  t h e  i n c r e a s e d  c o n v e x i t y  o f  t h e  
b u t t o c k  l i n e s  p r o d u c e s  a more b l u n t  e n t r a n c e  i n t o  t h e  w a t e r ,  
c a a s e s  a t u r b u l e n t  bow wave ( f i g s .  8 t o  11j t o  B e  thrown 
f o r w a r d ,  and  i n c r e a s e s  t h e  r e s i s t a n c e .  Fhe a p p r o x i m a t e  
h e i g h t s  and d e n s i t i e s  o f  t h e  spray f o r  t h e  t h r e e  bows may 
be  compared i n  t h e  p h o t o g r a p h s  o f  f i g u r e s  6 t o  ZL. The l o w  
bow, model. 84-$.P, r e p r e s e n t i n g  t h e  smallest  d e p a r t u r e  f r o m  
a s t r e a m l i n e  f o r m ,  n o t  o n l g  h a s  t h e  l o w e s t  r e s i s t a n c e  b u t  
also I s  t h e  c l e a n e s t  r u n n i n g  bow. 

Removing t h e  chise f l a r e  d i d  n o t  change  t h e  o r d e r  o f  
m e r i t  o f  t h e  b o w s  b u t  accen tua t ed .  t h e  i n c r e a s e d  t u r b u l e n c e  
o f  t h e  hi& bow, The u s e  of '  a n y  o f  t h e  bows w i t h o u t  t h e  
c h i n s  f l a r e  i s  i n a d v i s a b l e ,  however ,  becau e o f  t h e  h e i  h 
a n d  t h e  amount o E  t h e  s p r a y  a t  l o w  s p e e d s  ! f i g s .  7, 9, fife 



R 13 

It must be remembered t ha t  the ctzrves and  p h o t o g r a p h s  
g i v e n  were o b t a i n e d  from t e s t s  made unde r  r e l a t i v e l y  smooth 
n a t e r  c o n d i t i o n s ,  If t h e  h u l l s  were t e s t e d  i n  r o u g h  water ,  
bhs l o w  bow would be v e r y  d i r t y  b e c a u s e  i t  d o e s  n o t  have  
s u f f i o i e n t  c l e a r a n c e ,  It i s  tho i lgh t ,  t h e r e f o r e ,  t h a t  a 
m o d e r a t e  d e p a r t u r e  f r o m  t h o  basic f o r m ,  procfucod b y  r a i s i n g  
t h e  b o w ,  would\  00 p r e f e r a b l a  f o r  e l o a n n c s s  a t  107 s p e e d s .  
If t h e  f o r o b o d y  was l e o g t h o n o d  a t  tho seJm30 t ime t h e  bow was 
r a i s e d ,  t ho  e n t r a n c e  i n  t b c  m a t e r  w o u l d  b e  loss abrupt and 
t h e  spray c h a r a c t e r i s t i c s  m o l x l &  be irnprovcd. A h i g h o r  bow 
of t h i s  t y p o  might b e  m o r e  f a v o r a b l e  even  i n  smooth mater ,  

.Etf$oct of  v-ary$n_g_ t-&e_-h.g$.gql_f;_--~f t h e  stctrn.- A compari-  
s o n  of  tho r a s l s t a n c s  and trim curvos  f o r  t h r e e  ' h e i g h t s  of 
t h o  s t e r n  i s  made i n  figuso 12, T h i s  i n v e s t i g a t i o n  was made 
b y  t h e  general f r e e- t o- t r i m  method because  the  p o r t i o n  of 
t h o  h u l l  that was v n r i o d  i s  c o m p l e t e l y  c 1 3 a r  o f  t h o  w a t e r  
j u s t  o v e r  tP .o  hump spo#d.  T h o  d i s c o n t i n u i t y  n e a r  tho hump 
s p e e d ,  whfch i s  a s s o c i a t a d  w i t h  t h o  c l e a r i n g  of t h e  t n i l  
f r o m  the  m a t e r ,  o c c u r s  a t  a l o v e r  slpsod as  t h e  t a i l  j.s 
raised. Tho masimum r o s i s t n n c e  I s  t ibou t  t h e  s a m ~  f o r  the  
t h r o e  models but  t h e  speed  at which i t  o c c u r s  is l o w e r  f o r  
t h e  h i g h  s t e r n s .  

3elom hu.mp speod the  nod01 w i t h  t h e  Ion s t e r n ,  mode l  
84-DF, has the  l o w e s t  r e s i s t a n c e  and trim. Ths d o c r e a s s d  
t r i m  i n d i c @ t o s  t h a t  t h c  sound  t a l l ,  mhlch i s  w o t t e d  a t  
t hose  s p a c d s  ( f i g .  13) ,  i n s t e a d  of p r o d u c i n g  hydrodynamic 
suetton, a c t u a l l y  deve lops  hydrodynamic  l i f t ,  'Phe l o w  trim 
i s  the  g r e a t e s t  f a c t o r  i n  p r o d u c i n g  a r c d u c t i o n  i n  tho 
r e s i s t z n c o  b e c a u s e  t h o  modo1 is t h e n  r u n n i n g  a t  a n  a t t i t u d e  
nearer  t h o  triru f o r  minimurn v a t o r  r e s i s t a u c o .  

The e f f e c t  on the spray producod by v a r y i n g  t he  h e i g h t  
of  t h o  s t e r n  C ~ D  bs sGen b y  s t u d y i n g  t he  s t e r n  p h o t o g r a p h s  
of f f g t l r e a  6 ,  7, and 1-3 t o  16. A t  l o w  spzeds ,  t h e  sides of 
t he  s t e r n  of mods1  8 6 D F  are  w e t t e d  ou t  t o  t h o  t a i l ;  vaheroas 
t h o  s i d e s  o f  t h e  h igh  s t e r n s  are r e l a t i v e l y  d r y ,  Tho p h o t o -  
g r a p h s  shorn that t h e  t a i l  e x t e n s i o n  f o r  t h o  h igh s t e r n s  i s  
c l e a r  o f  t h o  w a t e r  at lDwer s p o e d s ,  a s  was i n 4 9 c a t e d  o n  t h e  
r e s i s t a n c e  curVes .  After t h o  t a i l  e x t e n s i o n  i s  clear o f  t h e  
w a t e r ,  t h o  c o d c l s  a r e  a l l  a t  about the sane t r i a  a n d  t h e  
s p r a y  p a t t e r n s  are s i n f l a r .  

Although the low s t e r n ,  model 84--DF, has the l owos t  
h y d r o d y n a n i c  r e s i s t a n c e  and i s  t h o  n e a r e s t  a p p r o a c h  i n  t he  
s e r i e s  t o  e7, s t r o a m l i n o  ' f o r m ,  the p h o t o g r a p h s  show t h a t  i t  
i s  i n p r a c t a c a l  b a c a u s o  t h o  d e c k  o f  the t a i l ,  on which the 
c o n t r o l  surfacos a r o  a t t a c h e d ,  i s  a c t u a l l y  subnorgod at 
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some s p e e d s  a n d  l o a d s .  P r o v i s i o n  would have  t o  be  made t o  
g ive  t h e  t a i l  a s s e m b l y  g r e a t e r  c l e a r a n c e  i f  t h i s  f o r m  o f  
h u l l  were t o  be u s e d .  

Removing t h e  f l a r e  f r o m  t h e  c h i n e s  o f  t h e  models d i d  
no t  change  t h e  r e l a t i v e  p e r f o r m a n c e  o f  t h e  t a i l  e x t e n s i o n s ,  

- E f f e c t  o f  i n c r e a s i n g  t h e  a n g l e  o f  d l a d  r i s e  a t  bow.- 
The e f f e c t  o f  i n c r e a s i n g  t h e  a n g l e  o f  dead r i s e  of t h e  i n -  
t e r n e d i a t e  b o v ,  model 84-33', and  of t h e  h i g h  bow,  model 
84-CF, i s  shown i n  t h e  g e n e r a l  f r e e - t o - t r i m  c u r v e s  ( f i g ,  
17). With t h o  a n g l e  of  dead  r i a e  i n c r e a s e d  f o r w a r d ,  a 
s l i g h t  r e e u c t i o n  i n  t h e  r e s i s t a n c e  i s  o b t a i n e d  b e f o r e  t h e  
hump spee0,  whereas  t h e  change i n  t r i m  p r o d u c e d  by t h i s  
v a r i a t i o n  i s  n e g l i g i b l e ,  W i t h  t h e  c h i n o  f l a r e  removed, t h e  
r e a u c t i o n  i n  r e s i s t a n c e  was s l i g h t l y  g r e a t e r ,  A t  t b e  hump 
s p e e d ,  t h e  p o r t i o n  o f  t h e  hull a f f e c t e d  by t h i s  change in 
f o r a  i s  c o m p l e t e l y  c l e a r  o f  t h e  w a t e r .  

The main e f f e c t ,  o f  t h e  v a r i a t i o n  i n  dead  r i s e  a t  t h e  
bow i s  t h e  change .proC?uced i n  t h e  flow anC, t h e  spray o r i g-  
i n a t i n g  at t h e  bow. A comparison o f  f i g i r e s  8 w i t h  1 8 ,  
9 w i t h  1 9 ,  10 wfth  20, and 11 w i t h  21 shows t h a t  t h e  f i n e r  
e n t r a n c e  ( f i n e r  w a t e r  l i n e s )  o f  t h e  h u l l ,  o b t a i n e d  by i n -  
creasing t h e  dead T l s e ,  d e f i n i t e l y  improved t h e  c l e a n n e s s  
o f  running a t  l c w  s p e e d s ,  Z n s t e a d  o f  a heavy  t u r b u l e n t  
wave b e i n g  slaoved f o r w a r d ,  models  84-32, 8 4 - C B ,  84-B, and  
84-C, t h s  bow wave i s  l i g h t e r  and  m o s t  o f  t h e  w a t e r  i s  
thrown l a t e r a l l y ,  models  84-35?, 84-CF, 84-F, 84-6, %he r e -  
zoval o f  t h e  c h i n e  f l a r e  p r o b a b l y  a c c e n t u a t e s  t h i s  improve-  
ment i n  spray  c h a r a c t e r i s t i c s .  The bow of model 84-FF ap- 
p e a r e d  t o  b e  t h e  b e s t  i n  t h e  s e r i e s ,  

E f f e c t  o f  a d e c r e a s i n g  a n g l e  o f  dead r i s e  on t h e  a f t e r ,  
- boct_;lL.- The r e ~ u l t s  o f  t h e  g e n e r a l  f r e e - t o - t r i m  t e s t s  o f  mod- 
e l  84-ZF-4 and  node1 84-EF-6 a r e  compared i n  f i g u r e  22. 
The d e c r e a s i n g  dead  r l s e  a f t  i n c r e a s e s  t h e  l i f t  of :  t h e  a f t e r -  
bodyoand t h e r e f o r e  r e d u c e s  t h e  t r im ,  A c e d u c t i c n  i n  t r i m  
o f  2 i s  o b t a i n e d  a t  t h e  hump. The c o r r e s p o n d i n g  redztc%b@sa 
i n  r e s i s t a n c e  i s  a b o u t  15 p e r c e n t .  Mo.st o f  t h e  r e d u c t i o n  
i n  r e s i s t a n c e  i s  due t o  t h e  lower t r i m .  

The e f f e c t  o f  a n g l e  o f  d o a 8  r i s e  on t h e  a f t e r b o d y  i s  
shown i n  f i g u r e s  23 and  24. 14odel 84-33-6 r u n s  a l i t t l e  
c l e a n e r  than model 84-EF-4 b e c a u s e  o f  t h e  d e c r e a s e d  t r i m  
t h a t  t e n a s  t o  b r i n g  t h e  a f t e r b g d $  and t a i l  e x t e n s i o n  c l e a r  
o f  t h e  w a ' c o r .  
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Model 84-EF-6 showed t h e  l e a s t  t e n d e n c y  toward  a l a t-  
e r a l  i n s t a b i l i t y  a t  l o w  s p e e d s  t h a t  seemed t o  be i n h e r e n t  
i n  t h e  s e r i e s .  I n  t h e  p h o t o g r a p h s  o f  model 84-EF-4 ( f i g ,  
23) a t  a s p e e 8  c o e f f i c i e n t  o f  C-v = 2.33 a n d  a l o a d  c o e f-  
f i c i e n t  o f  = 0.4, a l a t e r a l l y  p r c j e c t e d  j e t  of w a t e r ,  
o r i g i n a t i n g  u n d e r  t h e  a f t e r b o d y  i s  s e e n  s t p i k i n g  t h e  s i d e  
o f  t h e  wake. V i t h  th:, heavy l o a d s ,  CA = 0.6  a n &  CA = 
0.8,  t h i s  j e t  h a s  a h igh-eaough v e l s c i t y  t o  bounce b a c k ,  
h i t t i n g  t h e  s i d e  o f  t h e  model f o r w a r d  o f  t h e  s t e r n  p o s t .  
T h i s  f l o w  i s  g e n e r a l l y  u n s y a m e t s i c a l  and c a u s ~ s  t h e  model 
t a  swing l a t e r a l l y  on t h e  s u s p e n s i o n ,  The i n s t a b i l i t y  i s  
accompanied  by a d i s c o n t i n u i t y  i n  t h e  r e s i s t a n c e ,  With a 
d e c r e a s i n g  dead  r i s e  on t h e  a f t e r b o d y ,  model  84-EY-6,  t h e  
u n s y n m e t r i c a l  f l o w  a p p a i  o n t l y  was roduced  a n d  %he  l a t e r a l  
i n s t a b i l i t y  vas n e g l i g i b l e .  

I t  5 s  d o u b t f u l  i f  t h i s  i n s t a b i l i t y  i s  s e r i o u s ,  3nas -  
much a s  i t  i s  p r e s e n t  i n  m o s t  m o d s l s  w i t h  p o i n t e d  a f t e r -  
b o d i e s  t h a t  a r e  t e s t e d  i n  t h e  t a n k .  The method o f  t o w i n g  
probaably m a g n i f i e s  t h i s  c h a r a c t e r i s t i c .  

E f f e c t  t f  i n c r e a s i n g  t h e  d e p t h  o f  t h e  si=-.- A t  l o w  
s p e e d s ,  t h e  v a r i a t i o n  o f  d e p t h  o f  s t e p  has g n l y  a small e f-  
f e c t  on  e i t h e r  t h s  r e s i s t a n c e  o r  t h e  s p r a y  ( f i g s .  25 a n d  
26 t o  Z 8 > ,  A t  t h e  hump speed w i t h  t h e  h e a v i e s t  l o a d  on the 
m o d e l s p  i n c r e a s i n g  t h e  d a p t h  o f  s t e p  f r o m  0.40 i n c h ,  model 
84-EF-1, t o  0 .70  i n c h ,  m o d e l  84-EF-3,  r e s u l t e d  i n  a maximum 
i n c r e a s e  i n  trim o f  a b o u t  1' a n d  a c o r r e s p o n d i n g  i n c r e a s e  
i n  r e s i s t a p - c e  o f  a p p r a x i m a t e l y  5 p e r c e n t .  The g r e a t e r  p a r t  
o f  t h i s  change  i n  r e s i s t a n c e  i 8  due t o  t h e  change i n  trirn. 
T h i s  f a c t  i s  e v i d e n t  i f  t h e  r e s i s t a n c e  f o r  model 84-EB-3 
i s  d e t e r m i n e d  f r o m  t h e  g e n e r a l  t e s t  d a t a  ( s e e  f i g .  40 )  
u s i n g  t h e  same t r i m s  o b t a i n e d  f o r  model 84-33-1 i n  f i g u r e  25. 

The o n l y  v i s i b l e  e f f e c t  on t h e  s p r a y  at l o w  speeds  i s  
the c l e a r i n g  o f  t h e  a f t e r b o d y  f r o m  t h e  w a t e r  a t  a l o w e r  
speed f o r  t h e  g r e a t e r  d e p t h  of  s t e p .  ( S e e  f ig$.  26 t o  28.) 

I n  figure 213, t h e  r a a i s t a n c e  c o e f f i c i e n t s  a t  high 
s p e e d s  f o r  0.4O-inch and  0 .70- inch  d e p t h s  o f  s t e p  a r e  com- 
p a r e d  a t  a t t i t u d e 8  o f  t h e  h u l &  ( t r i m  f o r  minimum w a t e r  
r u s t s t a n c e ,  f o r  5 a n d  f o r  6 ) which a r e  p r a c t i c a l  f o r  the  
o p e r a t i o n  of t h e  h u l l  and  p resumab ly  can be o b t a i n e d  w i t h  
t h e  c o n t r o l  moment a v a i l a b l e  at; t h e s e  spee0s .  The e f f e c t s  
o f  i n c r e a s i n g  t h e  d e p t h  of s t e p  were similar t o  t h o s e  re-  
p o r t e d  in, r e f e r e n c e  4 .  I n c r e a s i n g  t h e  d e p t h  o f  t h e  s t e p  by 
r a i s i n g  t h e  a f t e r b o d y  p r o v i d e s  g r e a t e r  c l e a r a n c e  and  s e a u c e s  
t h e  r e s i s t a a a e .  

T 



3.6 

h f i g u r e  29, model 8 4 - E F m l ,  no d a t a  a re  shown f o r  t h e  
l i g h t  l o a d s  a t  5' a n d  6' t r i m  b e c a u s e  o f  a s t i c k i n g  and. ac-  
comganying v e r t i c a l  i n s t a b i l i t y  n o t  p r e s e n t  a t  t h e  t r i m  for 
minimum water  r e s i s t a n c e .  A sinilar s t i c k i n g  and  i n s t a b i l -  
i t y  i s  r e s o r t e d  i n  r e f e r e n c e  2 .  When t h e  t r i m  o f  t h e  h u l l  
i s  such  tha t  t h e  a f t e r b o d y  k e e l  i s  n e a r l y  h o r i z o n t a l ,  t h e  
f l o w  from t he  main s t e p  s u d d e n l y  c o v e r s  t h e  e n t i r e  a f t e r -  
bcdy p l a n i n g  sur face  and  t h e  r e s i s t a n c e  and  d r a f t  a r e  sud- 
d e n l y  i n c r e a s e d .  The flow t h e n  c h a n g e s ,  p e r m i t t i n g  t h e  
model t o  r i s e  a g a i n .  O f t e n  t h e  model jumped c o m p l e t e l y  
c l e a r  o f  t h e  w a t e r .  The i n s t a b i l i t y  dPd n o t  a p p e a r  a t  t h e  
t r i m  f o r  minimum water r e s i s t a n c e  b e c a u s e  t h e  a t t i t u d e  0.2 
t h e  hul.1 w a s  below t h e  r a n g e  in which t h e  a f t e r b g d y  sur- 
f a c e s  a r e  p a r a l l e l  t o  t h e  w a t e r .  A t  2 t r i n  o f  8 a t  'nigh 
s p e e d s ,  t h e  f o r e b o d y  o f  t h e  model i s  c l e a r  o f  t h e  water f o r  
l i g h t  l o a d s  and  t h e  r e s i s t a n c e  and  s p r a y  a r e  t h e  same as 
o b t a i n e t !  when a h u l l  i s  r u n n i n g  on t h e  a f t e r b o d y  o o l y .  I n-  
c r e a s i n g  t h e  d e p t h  o f  s t e p  t o  O.7Q i n c h  ( 4 . 4  p e r c e n t  o f  
t h e  beam) by r a i s i n g  tae e n t i r e  a f t e r b o d y  a p p a r e n t l y  r e-  
moved t h e  t endency  t o w a r d  i n s t a b i l i t y ,  

It was c l i f f i c u l t  t o  i n t e r p r e t  t h e  s t i c k i n g  an$, i n s t a -  
b i l i t y  i n  t a r m s  of f u l l - s c a l e  p e r f o r m a n c e  bccauso  a o  a t -  
tompt  was 1llqcIt3 t o  o b t a i n  dynamic s i m i l a r i t y .  The mass mov- 
i n g  v G s t i c a l l y  incl .udod t h e  hoavy  m o d . e l ,  t h e  t c w i n g  g a t e ,  
and counterweights u e o d  f o r  a d j u s t i n g  t h e  l o a d  on t h e  model. 
The n o d e l  was  a l s o  b e i n g  towed a t  f i x e d  t r ims  a n d  a n y  
changes  i n  moment had no e f f o c t  o n  t h e  a t t i t u d e  o f  t h e  h u l l .  

L a t e r  e x p e r i e n c e  w i t h  dynamic models  i n d i c a t e s  t h a t  
t h e  d e p t h s  o f  s t e p  u n e d  i n  t h s  s e s f e s  were t o o  small f o r  
p r e s e n t - d a y  t a k e- o f f  s p e e d s .  D e g t h s  o f  s t e p  from 6 t o  10 
p e r c e n t  o f  t h e  bears a r e  now c o n s i d e r e d  aeces sa . ry  t o  a v o i d  
d a n g e r o u s  i n s t a b i l i t y  a t  L igh -wa te r  speedts i n d u c e d  by t h e  
s t i c k i n g  o b s e r v e d  i n  t h e  p r e s e n t  t e s t a .  

Effect o f  ang.3.. o f - a f t e r b o d s  keel-.- A c o a p a r i s o n  o f  
t h e  low-spes?. p e r f o r m a n c e  f o r  t h r e e  a n g l e s  o f  a f t s r b o d y  
k e e l  i s  p r e s e n t e d  in f i g u r e  30. A s  t h e  angle o f  a f t e r b o d y  
koo l  i s  i n c r e a s e d ,  t h o  buoyancy and  t h e  hydrod.ynaafc  L i f t ;  
o f  t h e  a f t e r b o d y  ? r e  rcduccd. f o r  a n y  d o f i n i t o  trim. T o  
componsa ts  f o r  t h i s  d o c r o a s c  i n  l i f t  t h o  model t e n d s  t o  
assume a h i g h e r  t r i m .  A t  v e r y  l o w  s p e e d s ,  t h i s  i n c r e a s e  
i n  t r i m  i s  small a n d  t h e  changa i n  r e s i s t a n c e  i s  n e g l i g i -  
b l e .  The maxizlum e f f e c t  i s  found  a t  t h e  hump speed  a t  
which a n  I n c r e a s e  t n  a n g l e  o f  a f t e r b o d y  Ireel  o f  3-$ c a u s e d  
a m a . t i r m m  i n c r e a s e  i n  t r i s  o f  a b o u t  4 and  a n  acccmpanying  

0 

0. 

e 



17 

i n c r e a s e  i n  f r e e - t  o - t r i m  r e s i s t a n c e  o f  a b o u t  25 p e r c e n t  
N o s t  o f  t h e  i n c r e a s e  i n  r e s i s t a n c e  i s  due t o  t h e  change i n  
t r i m ,  t h e  h i g h a r  t r i m  c a u s i n g  a g r e a t e r  d e p a r t u r e  from t h e  
t r i m  f o r  minimum w a t e r  r e s i s t a n c e .  

The spray  p h o t o g r a p h s  f o r  t h e  v a r i a t i o n s  c f  a n g l e  o f  
a f t e r b o d y  k e e l  a r e  g i v e n  i n  f i g u r e s  2 3 ,  2 6 ,  a n d  31. iqith 
t h e  high a n g l e s  o f  a f t e r b o d y  k e e l ,  t h e  r o a c h  f r o m  t h e  a f t e r  
p l a n i n g  s u r f a c e s  c o n t i n u e s  t o  s t r i k e  t h e  t a i l  e x t e n s i o n s  
n t  s l i g h t l y  h i g h e r  s p e e d s .  The g r e a t e r  c l e a r a n c e  p r o v i d e d  
by t h e  h i g h  a n g l e  o f  a f t e r b o t i y  k e e l  c a u s e s  t h e  a f t e r b o d y  t o  
come ou t  o f  t h e  water a t  a lower speed .  From o b s e r v a t i o n s  
and p h o t o g r a p h s  i t  i s  conc luded  t h a t  a t  l o w  s p e e d s  t h e  model 
w i t h  t h e  l o v  a n g l e  o f  z f t e r b o d y  k e e l ,  model. 84-SF-1, w a s  
t h e  c l e a n e s t  r u n n i n g .  

In t h e  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  t h i s  v a r i a t i o n  on 
h i g h- s p e e d  p e r f o r m n n c s ,  a n g l e s  o f  a f t e r b o d y  k e e l  o f  5.50' 
and 7.25' were u s e d .  U s l n g  n h i g h e r  a n g l e  i s  n o t  a d v i m b l e  
b e c a u s e  i t  o b v i o u s l y  c 2 u s e s  t o o  g r e a t  a n  i n c r e a s e  i n  t h e  
hump r o s i s t s u c e .  The r e a u l t s  o f  t h e  t e s t a  a r e  compared 
( f i g .  3 2 )  a t  + h e  t r i m  f e r  minimum w a t e r  r e s i 8 t a n c o  and  a t  
5' and 6' f i x e d  % r i m .  The srme c o n c l u s i v n s  may be drawn. 
f r o m  t h e s e  t e s t s  ; t s  wart? r e p o r t e d  i n  r c f e r e n o c  5 .  By i n -  
c r o n s f n g  t h e  a n g l e  o f  n.Zterbo8.y k e e l  n g r o s t e r  c l e a r a n c s  i s  
o b ' c a t n e 8  f o r  t1,e a f t c r b c d g  and  t h e  a r e a  o f  t h e  a f t e r -  
p l a n i n g  surface s t r k c k  by w a t e r  f r o m  t h o  ixaiu s t e p  i s  r e -  
duced .  

Comparison o f  t h e  c u r v e s  ehcvsotkr%t a g r e a t e r  d i f f e r -  
ence  i n  r c s i s t a n c o  i s  o b t a i n e d  a t  6 triili t h a n  at  5 t r i m .  
A g r e a t c r  d i f f e r e n c e  i s  also i b t a i n e d  a t  5' t h e n  n t  t h e  
t r i m  € 8 ~  minimum w\r%ter r s s i s t a n c e ,  which i s  generally l o w e r  
t h a n  5 . The h i g h e r  t r i a s  c a u s e  t h e  a f t e r b o d y  t o  approach 
t h e  h o r i z o n t a l  m d  c o n s e q u e n t l y  t o  be  i n  a p o s i t i o n  t o  be 
w e t t e d  by t h e  f l o w  f r o m  t h e  main s t c p .  T h e  model v i t h  a 
h i g h e r  . tng le  o f  a f t e r b o d y  k e o l  i n  c o m b i n a t i o n  w i t h  a shal-  
l o w  s t c p  d . i sp laped t h e  sTme v o r t i c s l  i n s t a b i l i t y  n o t e d  i n  
t h e  i n v e s t i g a t i o n  o f  t h e  e f f e c t  o f  d e p t h  of s t e p .  The nn- 
g l e  a t  which  t h o  i n s t a b i l i t y  o c c w s  i s  changed t o  c o r r e s p o n a  
t o  t h e  a n g l e  a t  wbicb t i i c  . i f ter5odgr k e e l  i s  p a r a l l e l  t o  t h e  
w a t e r  s u r f a c e .  F o r  x o d e l  8 4 - X Y - - 4  w i t h  a '7.25' a n g l e  o f  
a f t e r b o d y  k e e l ,  t h i s  i n s t a b i l i t y  f i r s t  a p p e a r e d o f o r  a l o a d  
c f  = 3,05  a t  a t r i m  o f  7 ' .  A t  a t r i m  o f  8 , GQ = 
0.310 was a l s o  u n s t a b l e .  T4?-u v e r t i c a l  mrti ;n wae v e r y  
s l i g h t  a b  a t r i m  o f  3 . 

0 

0 

T h e s e  t e s t s  i n d i c a t e  t h a t  a n  a n g l e  o f  a f t e r b o d y  k e e l  



f r o m  5' t o  7' i s  t h e  m o s t  s u i t a b l e  compromise f o r  s a t i s f a c -  
t o r y  r e S i s t a n c e  a t  t h e  hump s p e e d  and  a t  p l a n i n g  s p e e d s ,  
A f o r m  o f  h u l l  w i t h  a d a c r e a s i n g  d.ead r i s e  on t h e  a f t e r b o d y  
i n  c o z b i n a t i o n  w i t h  a h i g h e r  a n g l e  o f  a f t e r b o d y  keel. a s  %n 
model 84-E3'-6 might  be  u s e d .  ?his co rnb ins t ion  would improve  
t h e  r e s i s t a n c e  a t  t h e  hump and  a u t o m a t i c a l l y  m a i n t a i n  i n -  
creased.  c l e a r a n c e  o f  t h e  a f t e r b o d y  f o r  good h igh- speed  p e r -  
f o r m m c e .  

Bffect o f  t h e  a d d i t t o n  o f  . ch ina  f l a r e . -  I n  crder t o  i n -  
v e s t i g a t e  t h e  e f f e c t  of t h e  c h i n e  f l a r e ,  t h e  o r i g i n a l  mod- 
e l s  were  t a s t e d  w i t h  t h e  f l a r e  romoved. The r e s u l t s  o f  t he  
g e n e r a l  f r e e - t o - t r i m  t e s t s  a r o  summarized i n  f i g u s e  33,  a n d  
t h e  e f f e c t  o f  t h e  ad.ditS.on o f  c h i n o  f l a r e  on t h e  s p r a y  
c h a r a c t e r i s t i c s  i s  shown i n  f i g u r e s  15,  1 6 ,  a n d  26. 

I n  f i g u r e  33 a comparison i s  made o f  t h e  e f f e c t  o f  aad- 
i n g  c h i n e  f l a r e  t o  t h e  f o r e b o d y  a l o n e ,  model 64-EF-1, and  
t o  b o t h  t h o  f c r e b o d y  a n d  a f t e r b o d y ,  model 84-EF, The f o l -  
l o w i n g  compar i sons  a r e  made with model 84-E, on which % h e  
f l a r e  v a s  removed. '%he a i l -d i t ion  o f  t h e  c h i n e  f l a r e  on t h e  
foreb0d.y a l o n e  r e s u l t e d  i n  Q small  i n c r e a s e  i n  t r i m  b e f o r e  
t h e  hump, t h e  r e s i s t a n c e  ra roa in ing  a b o u t  t h e  same. A t  f h e  
hunp, t h e  e f f e c t  on e i t h e r  t h e  t r i m  o r  t h e  r e s i s t a n c e  i s  
n e g l i g i b l e  e The i n f l . u c n c e  a n  t h e  s p r a y  c h a r a c t e r i s t i c s  
was v e r y  masked. I t  i s  d f f f i c u : ! t  t o  d e t e r m i n e  t h e  e f f e c t  
o f  t h e  f l a r e  on t h e  s p r a y  f r o a  t i l e  s t e r n  p h o t o g r a p h s  ( f i g s .  
16 a n d  2 6 ) .  At s p e e d s  n e a r  t h e  hump, t h e  n o d e l  w i t h o u t  t h e  
f l a r e  has a h i g h e r  a n d  more d e n s e  bow b l i s t e r .  The o b s o r -  
v a t ; i c n s  f n d i c a t e a ,  however ,  t h a t  a c h i n e  flare on t h e  f a r e -  
body i s  d e s i r a b l e  t h r o u g h o u t  t h e  low- speed r a n g e .  T h i s  
c o n c l u s i o n  i s  s imi la r  t o  t h a t  draw:1 from t h e  r e s u l t s  - o f  
t e s t s  r e p o r t e d  i n  r e f e r e n c e  6 ,  f o x  c o r r e s p o n d i n g  w i d t h s  a n d  
a n g l e s  o f  f l a r e .  The a d d i l t i o n  o f  c h i n e  f l a r e  t o  b o t h  t h e  
f o r e b o d y  and  a f t e r b c d y ,  model- 84-33, n o t  o n l y  improved t h e  
s p r a y  c h a r a c t e r i g t i c s  b u t  also c a u s e d  a d e c r e a s e  i n  t r i m  
a t  t h e  hump o f  1 a n d  a d e c r e a s e  i n  r e s i s t a n c e  o f  8 p e r c e n t .  
H o s t  o f  t h e  change i n  r e s i s t a n c e  i s  due t o  t h e  r e d u c t i o n  
i n  t r i m ,  The p r e s e n c e  os" t h e  f l a r e  cn t h e  a f t e r b o d y  i n -  
c r e a s e s  t h e  l i f t  o f  t h e  a f t e r b o d y  and  c a u s e s  t h e  h u l l  t o  
assume a more f a v o r a b l e  a t t i t u d e .  The p h c t c g r a p h s  ( f i g ,  15) 
shovr t h e  s p r a y  a n d  t h e  wave f o r m ,  The c h i n e  f l a r e  on t h e  
a f t e r b o d y  a p p a r e n t l y  h a s  l i t t l e  e f f e c t  on t h e  s p r a y  p r o d u c e d  
by t h e  a f t e r b o d y .  The c u r v e s  ( f i g s ,  5,  1 2 ,  and  17) show t h e  
same r e d u c t i o n  i n  t r i m  and  s a s i s t a n c e .  The bow p h o t o g r a p h s  
( f i g s .  6 wid '7, 8 a n d  9 ,  1 0  a n d  l.1) may be compared t o  s e e  
t h e  a f f e c t i v e n e s s  o f  f l a p e  on " 0 t h  f o r e b o d y  a n d  a f t e r b o d y  
i n  c o n t r o l l i n g  t h e  s p r z y .  
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The r e l a t i v e  e f f e c t  of  t h e  f l a r e  on t h e  a f t e r b o d y  a t  
h i g h  s p e e d s  may be  s e e n  by cornpasing t h e  f i x e d - t r i m  t e s t s  
o f  model 84-ALF and model 84-83’-1 ( f i g :  34). These  models  
a r e  s imilar  e x c e p t  f o r  t h e  t a i l  e x t e n s i o n  which d o e s  n o t  
a f f e c t  t h e  pe r fo rmance  a t  h i g h  s p e e d s .  The e f f e c t  o f  t h e  
f l a r e  on t h e  a f t e r b o d y  a t  p l a n i n g  s p e e d s  i s  t o  i n c r e a s e  
t h e  r e s i s t a n c e ,  

Zf’fect  of t h e  a d d i t i o n  o f  a t h i r d  p l a n i n g  B u r f a c e I w  
I n  o r d e r  t o  i n v e s t i g a e o  f u r t h e r  t h e  e f f e c t  o f  t h e  f l o w  
a round  t h e  s t e r n ,  a planing s u r f a c e  w i t h  s h a r p  c h i n e s  w a s  
added. t o  t h s  o r i g i n a l  round t a i l .  The r e s u l t s  of t h e  genr 
e r a 1  f r e e - t o - t r i m  t e s t s  a r e  g i v e n  2n f i g u r e  3 5 .  The e f f e c t  
o f  a d d i n g  t h e  c h i n o s  and  t h e  p l a n i n g  s a r f a c e  t o  t h e  t a i l ,  
model 8 4 - 9 ,  i s  smal l ,  i n d i c a t i n g  t h a t  t h c  r cunded  t a i l ,  
model 84-I), p r o d u c c s  no  t e n d e n c y  tqward  s t i c k i n g .  T h e r e  i s  
a n e g l i g i b l e  d e c r e a s e  i n  trim j u s t  b c f o r o  t h e  hump i f  t h e  
t h i r d  p l a n i n g  s u r f a c e  i s  added.  2he d i s c o n t i n u i t y  a t  t h e  
hump, a s s o c i a t o d  w i t h  t h e  c l e a r i n g  o f  t h e  t a i l  from t h e  
w a t e r ,  O C C U ~ S  a t  a h i g h e r  speed  f o r  model  84-H w i t h  t h e  
a d b d  p l a n i n g  a r e a .  

The p h o t o g r a p h s  ( f i g s .  L4 2nd 3 6 )  show very  l i t t l e  
c l i f f e rencc :  i n  s p r a y  f o r  t h e  t w o  m o d e l s .  The amount of 
l o o s e  wa”Jr thrown v e r t i c a l l y ,  when t h o  r e a c h  s t r i k e s  t h e  
t i p  o f  t h e  t a i l ,  i s  g r e a t e r  f o r  t h e  round t a i l .  With a 
l o w  a f t e r b o d y  t h i s  e f f e c t  may be v e r y  i m p o r t a n t ,  The w a t e r  
s t r i k i n g  t h e  t l p  o f  t h e  t a i l  seems t o  have  n o  e f f e c t  On 
t h 2  t r i m .  

L f f e c t  o f  c L i n e s  on  t h e  bow.-  The g e n e r a l  f r e e - t o -  
t r i m  r e s u l t s  w i t h  t h e  c h i n e s  on  t h e  b o w ,  m o d e l  84-8, a n d  
w i t h  t h e  c h i n e s  Founded,  model. 84- J ,  a r e  p r e s e n t e d  i n  f i g -  
ure 37. Al though  t h a  c h i n e s  o n  t h e  bcw haLa l i t t l e  e f -  
f o e %  on e i t h e r  t h e  t r i m  o r  t h e  r e s i s t a n c e ,  t h e  p h c t o g r a p h s  
( f i g s .  7’ and 38) show v e r y  l a r g e  d i f f e r e n c e s  i n  t h e  s p r a y .  
I n s t e a d  o f  h a v i n g  t h e  s p r a T  d e f l s c t o d  downward, t h e  model 
w i t h  rounded  c h i n o s  h a s  a l a r g e  amount of l o o s e  w a t e r  
thrown up  and f o r w a r d .  These p h o t o g r a p h s  i n d i c a t e  t h a t  a 
f a d i n g  c u t  o f  t h e  c h i n e s  a t  t h e  bow i s  d z f i n i t e l y  u n d c a i r -  
a b l e  even  i n  smooth w a t e r .  

- T)es$m c h a r t s . -  Ccmpfete d-ata f o r  model 84-EF-3 a r e  
p r e s e n t e d  f o r  d e s i g n  p u r p o s e s .  The d e t a i l e d  g e n e r a l  f r e e -  
t o - t r i m  c u r v e s  a r e  i n c l u d e d  i n  f t g u r e  3 9 .  The r e s u l t s  o f  
t h e  f i x e d - t r i m  t e s t s  a r e  p r e s e n t e d  i n  t h e  f o r m  o f  c h a r t s  
( f i g .  401, The u s e  of  t h e s e  c h a r t s  i s  e x p l a i n e d  i n  r e f e r -  
ence 1. The tr ims and d r a f t s  a t  r e s t ,  c c v e r i n g  a p r a c t i c a l  
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r a n g e  o f  l o a d s ,  a r e  g i v e n  i n  f i g u r e  41. T y p i c a l  spray p a t T  
t e r n s  a t  h i g h  s p e e d s  n e a r  t h e  t r i m  f o r  minimum w a t e r  r e s i s t -  
ance  a r e  shown i n  f i g u r e  42 ,  The low- speed p h o t o g r a p h s  a r e  
p r e s e n t e d  i n  f i g u r e  28. Because  o f  t h e  l a r g e  amouat o f  
o t h e r  d a t a  p r e s e n t e d  i n  t h i s  r e p o r t ,  c o r r e s p o n d i n g  d e s i g n  
d a t a  f c r  models; 84-IiJF-4 a q d  84-AF have  been  o m i t t e d .  

AERODYNAMIC TESTS 

A p p a r a t u s  a n d  Methods 

4gr)aratgS.- Seven  co rnb ina t ions  o f  t h e  BACA model 84- 
s e r i e s  f l y i n g- b o a t  h u l l s  were t e s t e d  i n  t h e  VACk 8- f o o t  
h i g h- s p e e d  t u n n e l  and  measurements  o f  ae rodynamic  d r a g ,  
l i f t ,  a n d  p i t c h i n g  moment were made. The p r e s e n t  t e s t s  
were p r i m a r i l y  c o n c e r n e d  w i t h  t h e  d r a g ,  For  p u r p o s e s  o f  
compar i son ,  s imi la r  d a t a  were  o b t a i n e d  by t e s t i n g  t h r e e  
s t r e a m l i n e  'bodies  frow. which t h e  hull. s h a p e s  were d e r i v e d .  
F i g u r e  3 i l l u s t r a t e s  t h e  v a r i o u s  c o m b i n a t i o n s  aercdynam- 
i c a l l y  t e s t e d .  

T w s  v e r t i c a l  s t r e a n l i n e  s t r u t s  s u p p o r t e d  t h e  models 
and t h o s e  s t r u t s ,  which  were a t t a c h e d  -Po t h e  b a l a n c e  r i n g  
o f  t h e  t u n n e l ,  were b r a c e d  l a t e r a l l y  by a d d i t i o n a l  s t r u t s .  
F a i r i n g  e n c l o s e d  t h e  f o r w a r d  v e r t i c a l  s t r u t  f o r  m o s t  o f  i t s  
l e n g t h  a n d  c o m p l e t e l y  s h f e l d e d  t h e  l a t e r a l  brace. P i t c h -  
a n g l e  c h a n g e s  were o b t a i n e d  by p i v o t i n g  t h e  model a t  t h e  
f r o n t  s t r u t  a n d  t h e n  r a i s i n g  o r  l o w e r i n g  t h e  r e a r  s t r u t  a s  
d e s i r e d ,  F igure  43 shows a s t r e a m l i n e  model  and  i t s  sup- 
p o r t i n g  s t r u t s  i n  t h e  wind t u n n a l .  F i g u r e  44 i l l u s t r a t e s  
t h e  mothod o f  s u p p o r t i n g  t h o  mode l  by wi res  f o r  t a r e  r u n s  
i n  such  a way t h a t  t h e  model was s u p p o r t e d  i n  p l a c e  wi thou t  
t o u c h i n g  t h e  s t r u t s .  

Methods,-  Aerodynamic measurements  o f  d r a g ,  l i f t ,  a n d  
p i t c h i n g  moment were made a t  260 r a i l e s  p e r  h o u r  f o r  a o r a n g a  
o f  p i t c h  a n g l e  CG f r o m  -4' t o  12@ i n  i n c r e m e n t s  \if 4 
The b a s e  l i n e  u s e d  f o r  p i t c h r a n g l o  measurements  w a 8  t h a t  
d e f i n e d  i n  D e s c r i p t i o n  o f  Models .  From t h a s e  d a t a ,  t h c  
a n g l e  o f  minimum d r a g  was d e t e r m i n e d .  

With t h o  model s e t  a t  t h e  a n g l e  c f  minimum d r a g ,  f o r c e  
measurements  w e r e  made a t  v e l o c i t i e s  f r o m  1 0 0  t o  a b o u t  420 
m i l e s  pe r  hour  and  a t  a B e y n o l d s  number o f  30 ,000 ,000  b a s e d  
on f u s e l a g e  J e n g t h ,  d a t a  b e i n g  G b t a i n e d  a t  e i g h t  d i f f e r e n t  
v e l o c i t i e s .  P h i s  i n v e s t i g a t i o n  i s  t h o  o n l y  one o f  i t s  t y p e  
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D 

i n  which d a t a  were o b t a i n e d  a t  such  h i g h  s p e e d s ,  t h r o u g h  
a n d  z b o v e  t h e  a c t u a l  speed  r a n g e  e n c o u n t e r e d  i n  f l i g h t ,  a n d  
s t  s u c h  l a r g e  R e y n o l d s  numbers I  

n l a r e  r u n s  were made w i t h  t h e  p l a i n  and  warped stream- 
l i n e  b c d i e s .  A t  t h e  p i t c h  a n g l e  o f  0 , f o r c e  measurements  
were made f o r  v e l o c i t i e s  f r o m  1 0 0  t o  4 2 0  m i l e s  p;r h o u r ;  a t  
a c o n s t a n t  speed  o f  260 m i l e s  p e r  h o u r ,  s i m i l a r  measure-  
ments  were  macle f o r  v a r i o u s  p i t c h  a n g l e s  f r o m  -4' t o  12'. 
The t a r e  f o r c e  v ,z lues  t hus  o b t a i n e d  wi th  s t r e a m l i n e  b o d i e s  
were used, with t h e  hu l l- mode l  da ta ,  t h e s e  f o r c e  v a l u e s  be- 
i n g  i n t c , s p o l a t e d  and  e x t r a p o l a t e d  when n e c e s s a r y  t o  d e t e r -  
n i n e  t h e  t a r o  f o r c e s  on s t r u t s  f c s  t h o  d i f f e r e n t  minimum 
p i t c h  a n g l e s  a t  which  t h e  hull models  were  t e s t e d .  

(3 

P r e c i s i o n  

Tho e r r o r s  t h a t  a f f e c t  t h e  a b s . c l u t e  a c c u r a c y  o f  t h e  
d r a g  r e s u l t s  can be d i v i d e d  i n t o  a c c i d e a t a l  e r r o r s  znd 
s y s t e m t i c  e r r o r s .  The a c c i d e n t a l  err0L-s a r e  t h e  only- 
onos t h a t  a f f e c t  c o m p a r a t i v e  r e s u l t s  and  a r e  i n d i c a t e d  by 
t h e  s c a t t a r  o f  t h e  t a r e  r e s u l t s  p l u s  t h e  s c a t t e r  o f  r e -  
s u l t s .  The sum o f  t h e s e  v a r i a t i o a s  i s  o f  t h e  o r d e r  o f  2 
p e r c e n t  o f  t h e  d r a g .  

The s y s t e m a t i c  e r r o r 8  c o s s i s t  o f  h s r i z o n t a l  buoyancy 
2nd t u a n e l - w a l l  e f f e c t  s .  B o r  i zon ta l -bucyancy  c c r r e c t  i Ons 
r a n g e d  f r o m  5.5 t o  6 .5  p e r c e n t  o f  t h e  minimum d r a g .  T h s s o  
c o r r e c t i o n s  were made N o  t u n n e 3 - w a l l  c o r r e c t i o n s  were 
made 'out t h e  e , n s t r i c t i o n  c o r r e c t i o n ,  which i 6  p r o b a b l y  t h e  
g r e a t e r  p a r t  o f  t h e  b c t a l  c o r r e c t i o n ,  would be a b o u t  2.4 
p e r c e n t ,  c o n s c q u e n t l g ,  t h e  c r r c r  due t o  wa1L e f f e c t s  was 
p r o b a b l y  l e s s  t h a n  3 p e r c e n t .  

Tlic: e r r c r s  i n  l i f t  c o e f f i c i e n t  CL a n d  p i tch ing- moment  
c o e f f i c i c n t  CM f o r  c o n p a r a t i v e  p u r p o s e s  would b e s t  b e  i n -  
d i c a t e d  by t h c  p o i n t  s c a t t e r  a n d  a r e  k0.003Cg a n d  I 0 , O O l C ~ .  

R e s u l t s  and D i s c u s s i o n  

The ae rodynamic  f o r c e  measurements ,  e x c e p t  a s  may bo 
n o t e d  c t h e r w i s e  i n  t h e  f i g u r e s ,  were  mado w i t h  f i x e 6  t r a n -  
s i t i o n  t h a t  w a s  p roduood by p l a c i n g  a r i n g  o f  carborundum 
g r a i n s  5 p e r c e n t  a f t  o f  t h e  bow. f n  t h S s  way, a i r - f l o w  
c o n d i t i o n s  w e r e  p r e d y c e d  t h a t  a p p r o x i m a t e d  t h e  a c t u a l  Con- 
t i o n s  a t  f u l l - s c a l e  XcgnoLds numbers ( f i g s ,  43 and 45) .  
(Bee r e f e r e n c e  7,) 
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Drag c o e f f i c i e n t s  b a s e d  on b o t h  maximum c r o s s - s e c t i o n a l  
a r e a  a n d  (vo lume)" /3  o f  models  a r e  p r a s c n t e d ,  The c o e f f i -  
c i e n t s  and. symbols u s e d  a r e  a s  follows: 

D 
ODA qA 

.-.- c 

where 

d r a g  c o e f f i c i e n t  b a a e d  on maximum c r o s s - s e c t i o n a l  
a r e a  o f  model cDA 

8 /3 
d r a g  c o e f f i c i e n t  basad  on (vo lume)  o f  t h e  model 

D d r a g  o f  modal ,  povnde 

9 

k maximum c r o s s - s e c t i o n a l  a rea  o f  m o d e l ,  s q u a r e  f e a t  

and t h e  volume o f  t k a  model i s  measured i n  c u b i c  f e e t ,  

dynamic p r e s s u r e ,  pounds per @quare f o o t  (ip.", 

Lift and  p i t ch ing- nomen t  c o e f f i c i e n t s  a r e  based. c a  

(volume "I3 j o f  models .  

L i f t  

q ( v c l u m e )  
2 / 3  

CL = 

and 

where 

CL l i f t  c o e f f i c i e n t  

C$q pi tch ing- rnogent  c o e f f i c i e n t  

Etfc moment a b o u t  p o i n t  of  i n t e r s e c t i o n  05 b a s e  l i n e  a n d  
l i n e  g e r p e n d i c u z a r  t o  ba se  l i n e  p a s s i n g  t h r c u g h  
a x i s  o f  r o t a t i o n ,  inch-poun0s  ( S e e  f i g .  3 . )  

1 model l e n g t h ,  i n c h e s  

The data a r e  p r e s s n t e a  a s  c u r v e s  o f  d r a g  c o e f f i c i e n t , a t  d 
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t h e  a n g l e  of  minimum d r a g  a g a i n s t  t h e  a e y n a l d s  number R 
b a s e d  an huL1 l e n g t h .  D r a g- c o e f f i c i e n t  d a t s  a s  w e l l  as 
i m p o r t a n t  d i m e n s i o n s  o f  t h e  rcodels a r e  g i v e n  i n  t a b l e  1'- 
L i f t  a n d  pi tching- moment  c o e f f i c t e n t s  a r e  p l o t t e d  a g a i n s t  
p i t c h  angle f o r  a v e l o c i t y  o f  260 m i l e s  p e r  h o u r .  

V a r y i n g  t h e  h e i g h t  o f  tail o f  t h e  s t r e a m l i n e  models  
had no e f f e c t  on t h e  v a l u e  o f  t h e  minimum d r a g  c o e f f i o i e n t ,  
b u t  a n  i n c r s a s e  i n  h e i g h t  o f  t h e  t a i l  i n c r e a s e d  t h e  a n g l e  
o f  minimum d rag  as  would 'bo e x p e c t e d  ( f i g .  461,  

I n c r e a s i n g  t h e  d e p t h  o f  t h e  p l a i n  s t r e a n l i n e  body by 
t h e  a d d i t i o n  o f  an 8- inch  s p a c e r  b l o c k  d e c r e a s e d  t h e  m i n i -  
mum d r a g  c o e f f i c i e n t ,  b e s e d  or* a r e a ,  by a b o u t  5 p e r c e n t ;  

b u t ,  batsed on t h e  minimuul drag c o e f f i c i e n t  
i n c r e a s e d  a b o u t  6 . 5  p e r c e n t  ( f i g .  47). The r e a s o n  f o r  t h i s  
v e r i c l t i o n  may be r e a d i l x  seen  when t h e  f i g u r e s  f o r  t h e  P r e a  

s n 8  ( v o l ~ r n e ? ~ / ~  f o r  s p a c e r  w i t h  nose  1 and  t a i l  1. a r e  com- 
p a r e d  w i t h  c o r r e s p c n d i n g  v a l u e s  f o r  nose  1 a n d  t a i l  1 wi th-  
out t h e  s p 3 c e r .  ( S e e  t a b l e  y . )  The i n c r e s s e  i n  
w i t h  t h e  s 2 a c e r  i s  n o t  s o  q r e z t  n s  t h o  i n c r e a s e  i n  c r o s s -  
s e c t i o n a l  area; t h e  drAg c o ~ f f i c i c r t  based  on area. i s  
t h a r e f o r o  s m z l l e r  t h a n  t h e  d r a g  c o e f f i c i e n t  br?.sed on 

2 I 3  (vo lume)  * 

I n c r e a s i n g  t h e  h e i g h t  o f  b o w  o f  t h e  h u l l  mcjrlels i n -  
c r e a s e d  t h e  minimum drag c o a f f i c i e n t ;  t h e  v a l u e  f o r  t h e  
h i g h  bot r  w a s  4 p e r c e n t  g r e a t e r  t h a n  t h e  valui.. f o r  t h e  Sow 
b o w ,  w h e r e a s  bow 2 showed o n l y  s l i g h t  i n z r a a s e s  i n  t h e  o r -  
d e r  o f  1 o r  2 p e r c e n t .  These  r e s u l t s  i n d i c a t e  t-hat hydro-  
dynariiic c h a r a c t e r i s t i c s  w i l l  p r o b a b l y  be  t ane  c lec id ing  
f a c t o r  i n  t h e  c h o i c e  o f  bows.  An i n c r e a s e  i n  t h e  h e i g h t  o f  
bows s h o w s  a c o r r e s p o n d i n g  d e c r e a s e  i n  t h e  a a g l e  o f  min i-  
mum d r a g  ( f i g .  4 8 ) .  

In f i g u r e  4 9  i t  i s  ahown t h a t  i n c r a a o i n g  t h e  a n g l e  o f  
dead  r i s e  a t  t h e  b o w  had  l i t t l e  o r  n o  e f f e c t  on t h e  min i-  
m u m  d r a g  o r  a n g l e  o f  rninimum &rag. T h i s  r e s u l t  PndicateE:  
t h a t  bows w i t h  g r e a t e r  a n g l e s  o f  dead  r i s e  nay  be u s e d  
w i t h  no d e t r i m e n t a l  e P f e c t s  t o  a i r  d r a g .  

I n c r e a s i n g  thhe h e f g h t  o f  t h e  s t e r n  o f  t h e  h u l l  models  
i n c r e a s e d  t h e  drag c o e f f i c i e n t ;  t h e  minimum drag c o e f f i -  
c i e n t ,  b a s e d  on area, f o r  bow 1 and s te r rz  4 w a s  a b o u t  1 9  
p e r c e n t  g r e a t e r  t h a n  t h e  c o r r e s p o n d i n g  v a l u e  f o r  ~ Q W  1 a n d  
s t e r n  2 a n d ,  b a s e d  on (volume) 2 /3 , a b o u t  17 p e r c e n t  g r e a t e r  
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( f i g .  6 0 ) .  Bow I a n d  s t e r n  3 showed a n  i n c r e a s e  i n  minimum 
drag c o e f f i c i e n t  o v e r  t h a t  f o r  'bow 1 and s t e r n  2 ,  baaed  on 

a r e a ,  o f  7 p e r c e n t  a n d ,  b a s e d  on (vo lume)  , o f  abotz% 6 . 5  
p e r c e n t .  I n  vielq o f  t h e  f a c t  t h a t  t h e  v a r i a t i o n s  i n  tail 
h e i g h t  o f  t h e  warped s t r e a m l i n e  b o d i e s  c a u s e d  no changes  i n  
t h e  magn i tude  o f  t h e  d r a g  o f  t h e s e  bocfies,  as p r e v i o u s l y  
n o t e d ,  t h e  i n c r e a s e s i n  d r a g  c f  t h e  h u l l  models ,  due t o  
changes  i n  t a i l  h e i g h t ,  a r e  a p p a r e n t l y  slue t o  t h e  l a r g e r  
p o i n t e d  a f t e r b o d y  s e c t i o n s  which accompany t h e  h i g h e r  tczil 
l o c a t i o n s  and  a r e  n o t  d i r e c t l y  due t o  t h e  changes  i n  t a i l  
h e i g h t .  H a r t m a n ' s  t e s t s  ( r e f e r e n c e  8 )  s u b s t a n t i a t e  t h i s  
p o i n t  by showing largs  d r a g  d i f f e r e n c e s  betwoen two h u l l  
m o d - e l s ,  models  3 6  a n d  4 0 ,  whiqh d i f f e r o d  m a i n l y  i n  t h a t  one 
h u l l  had a large a f t e r b o d y ,  whereas  t h o  o t h e r  cne d i d  n o t .  

I n c r e a s i n g  t h e  d e p t h  o f  s t e p  7'5 p e r c e n t  i n c r c a s e d  t h e  

a /3 

I 

minimum d r a g  c o e f f i c i e n t  by o n l y  2 p e r c e n t  r-nd had  no c f -  
f e c t  on t h e  a n g l e  o f  minimum d r a g  ( f i g .  51). 

The l i f t  and  t h e  p i t ch ing- monen t  d a t a  a r e  p r e s e n t e d  
i n  f i g u r e s  52 t o  54.  I n  t h e  a p p l i c a t i o n  o f  t h e s e  data $ 0  
t h o  d e s i g n  o f  f l y i n g  b o a t s ,  i t  must be remembered t k a t  
t h e s e  d a t a  a p p l y  f o r  t h e  h u l l  a l o n e  a n d  d o  n o t  i n c l u d e  i n-  
t e r f e r e n c e  e f f e c t s  o f  t h e  wing and  o t h e r  parts. 

In r&sum6,  i n c r e a s i n g  t h o  h e i g h t  o f  t h o  b o w ,  t h o  a n g l e  
o f  &ead r i s e  a t  t h e  bow, o r  t h e  d e p t h  o f  s t e p  o f  t h e  h u l l  
models  d i d  n o t  p r o d u c e  any  g r e a t  changes  i n  d r a g .  f n c r o a s -  
i n g  t h e  h e i g h t  of s t e r n ,  however, p r o d u c c d  r o l n t i v o l y  l a r g e  
changes  i n  t h e  drag w i t h  i n d i c a t i o n s  t h a t  t h o s e  changes 
wcre Tuainly due t o  t h e  e f f e c t s  o f  t b s  p o i n t e d  a f t e r b o d y .  

C OM CZUD I WG RE MARK S 

Tho small e f f e c t s  on t h e  drag c o e f f i c i e n t  o f  t h e  v a r i -  
a t i o n s  i n  t h e  f o r m  o f  b o w  t e s t e d  i n d i c a t e  t h n t  t h e  n e t h o d  
u s e d  i n  d e r i v i n g  t h e  l i n e s  r e s u l t s  i n  it s a t i s f a c t o r y  aero-  
dynamic f o r m  o f  bow ove r  it wide r a n g e  o f  h e i g h t  o f  bow. 
T h e r e  i s  l i t t l e  e v i d e n c e  o f  s i g n i f i c a n t  i n c r e a s e s  i n  d r a g  
r e s u z t i n g  f r o m  c r o s s  f l o w  u v e r  t h e  c h i n e s  a t  t h e  bow e v e n  
i n  the c a s e  o f  t h e  g r e a t e s t  d e p a r t u r e  f r o m  t h e  b a s i c  form,  
I t  i s  i n f e r r e d  from t h o  r e s u l t s  t h n t  s u f f i c i e n t  c h i n e  f l a r e  
t o  c o n t r o l  t h e  b o w  wave a t  low s p e e d s  would have  a n e g l i -  
g i b l e  a d v e r s e  e f f e a t  on t h e  drag; l i k e w i s e ,  f a d i n g  o u t  t h e  
c h i n e s  a t  t h e  bow would bave  o n l y  a small f avorabZe  e f f e c t .  
With t h e  e o r r e o t  f o r m  and  l o c a t i o n  o f  c h i n e ,  a n  i n c r e a s e  in 
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dead  r i s e  fo rward  by d r o p p i n g  t h e  k e e l  l i n e  also h a s  a neg- 
l i g i b l e  e f f e c t  cn d r ag ,  

'The p h o t o g r a p h s  o f  t h e  bow waves a t  l o w  s p e e d s  i n d i -  
cR te  t h a t  c h i n e  f l a r e  and  i n c r e a s e d  dead r i s e  a t  t h e  bow 
are  4 e f i n i t e l y  d e s i r a b l e  f o r  c l e a n n e s s  o f  r u n n i n g  even i n  
s m o o t h  w a t e r .  Rounding  t h e  c h i n e s  a t  any  p o i n t  l i k e l y  t o  
be w e t t e d  i n  s e r v i c e  a p p e a r s  v e r y  i n a d v i s a b l e .  qhen a l l  
t h e  factors a r e  c o n s i d e r e d ,  bow 2B with c h i n e  f l a r e  i s  t h e  
m o s t  s u i t a b l e  f o r  t h e  h u l l  l o a d i n g s  i n v e s t i g a t e d .  v a r i o u s  
a l t e r n a t i v e s  i n  f o r a  o f  b o w  a p p e a r  t o  be p o s s i b l e  w i t h Q u t  
l a r g e  f n c r z a s e s  i n  d r a g ,  p r o v i d e d  t h a t  c l o s o  a d h e r e n c e  t o  
t h e  s t r e a m l i n e  body  i s  m a i n t a i n e 4  and  t h e  c h i n e s  % r e  c o r -  
r e c t l y  l o c a t e d .  

The r s i s i n g  of  t h e  s t r e a m l i n e  body a f t  h a 6  no  e f f e c t ;  on 
t h e  d r z g  b u t ,  whea t h e  hydrodynamic s u r f a c e s  x r e  a d d e d ,  
t h e r e  i s  a l a r g e  a d v e r s e  e f f e c t .  The s o s t  s u i t a b l e  compro- 
mise a n o n g  ae rodynamic ,  hydrodynamic ,  a n d  s t r u c t u r a l  r e -  
q u i r e m e n t s  i s  n o r e  d i f f i c u l t  t o  o b t a i n .  The t p i l  s u r f s c e s  
must i n  a n y  c a s e  hz,ve s u f f i c i e n t  c l e a r a n c e  t o  a v o i d  e x c e s-  
s i v e  darnage f r o m  s p r a y .  B e c a u s e ,  when used w i t h  EL p o i n t e d  
~ f t e r b o d y ,  t h e  low t a i l  i s  a e r o d y n a m i c a l l y  .tnd hydronamic-  
ally b e t t e r  excep t  f o r  t h e  d e c r e a s e d  c 1 8 3 r a n c e ,  t h e  t e s t  
compromise might be t o  use t h e  low tail w i t h  a p y l o n  t o  
c a r r y  t h e  ae rodynamic  s u r f a c e s .  

The  i n c r e a s e  i n  t h e  d r a g  o f  t h e  h u l l s  o v e r  t h a t  o f  
t h e  s t r e a m l i n e  boay i s  a t t r i b u t ; e d  m a i n l y  t c  a s t r o n g  d i s -  
t u r b a n c e  o f  t h e  s t r e a m l i n e  flow caused  by t h e  a f t e r b o d y  
volume e x t e r n a l  t o  t h e  b a s i c  f o r m ,  F o r  t h i s  r e a s o s ,  i t  5 s  
i n f e r r e d  tha t  small c4ia,nges i n  f o r m ,  such  a s  t h e  a d d i t i o n  
o f  c h i n e  f l a r e  o r  d e c r e a s e  i n  t h e  a n g l e  o f  d e a d  r i s e  n e a r  
t h e  s t e r n  p o s t ,  w o u l d  have l i t t l e  e f f e c t  o h  t h e  a i s  f l o w  
ove r  t h e  a f t e r  p o r t i o n  o r  on t h e  d r a g  o f  t h e  hull. On t h e  
o t h e r  h a n d ,  t h e s e  small changes  r e s u l t  i n  a pronounced  de-  
c r e a s e  i n  w a t e r  r e s i s t a n c e  a t  t h e  hump speed  a n d  i n  o n l y  a 
small a d v e r s e  e f f e c t  on t h e  w a t e r  r e s i s t a n c e  a t  high p l a n i n g  
s p e e d s ;  t h e y  t h e r e f o r e  a p p e a r  t o  be  o v e r - a l l  improvements  
Sn f o r m  i f  s t r u c t u r a l l y  f e a s i b l e .  

S e c a u s e  o f  t h e  sinax1 i n c r e a s e  i n  ae rodynamic  d r a g  
c a u s e d  by  i n c r e a s e  i n  d e p t h  o f  s t e p  and  t h e  masked hydro-  
dynamic i n s t a b i l i t y  r e s u l t i n g  f r o m  t o o  s h a l l o w  a s t e p ,  
i t  appears  i n a d v i s a b l e  t o  a t t e m p t  t o  o b t a i n  a p p r e c i a b l e  
r e d u c t l o n s  i n  d r a g  by t h i s  means, p a r t i c u l a r l y  wnen t h e  
t a k e - o f f  spoed i s  h i g h .  The e f f e c t  o f  sslaLl changes  i n  
d e p t h  o f  step on w e t e r  r e s i s t a n c e  can  be n e g l e c t e d .  Far- 
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t h e r  i n v e s t f g a t i o n s  u s i n g  a f r 3 e  d y n a m i c a l l y  c o r r a c t  model 
a r e  r e a u i r e d  t o  d e t e r m i n e  t h e  minimum a l l o w a b l e  d e p t h  o f  
s t e p  f o r  a g i v e n  h u l l ,  and t h e s e  i n v e s t i g a t i o n s  would h a v e  
t o  be c o r r e l a t e d  w i t h  f u l l - s i z e  b e h a v i o r  t o  be  o f  p r a c t i -  
c a l  v a l u e .  E e f o r e  t h i s  i s  d o n e ,  a minimum d e p t h  o f  s t e p  
o f  at  l e a s t  8 p e r c e n t  o f  t h e  beam s h o u l d  be  usad f o r  t h e  
h u l l s  o f  t h e  s e r i e s .  

! h e  a n g l e  o f  a f t e r b o d y  k e e l  h a s  EL l a r g e  e f f e c t  on t h e  
t r i m  a n d  water r a s i s t a n c e  a t  t h e  hump s p e e d  a n d  i t  must be  
f a i r l y  l o w  t o  c o n t r o l  p r o p e r l y  t h e  trim a t  t h i s  s t a g e  o f  
t h e  t a k e- o f f .  U n f o r t u n a t e l y ,  i t  was n o t  p o s s i b l e  t o  o b t a i n  
i t s  e f f e c t  on t h e  ae rodynamic  d r a g  c f  t h e  s e r i e s  because  o f  
t h e  l im i t ed .  a v a i l a b i l i t y  o f  t k e  h igh- speed  t u n n e l .  In t h e  
c a s e  o f  E o d e l  11-h (RACA T.B. 5To. 525 ) ,  an  i n c r e a s e  i n  an-  
gle o f  a f t e r b o d y  k e e l  r e s u l t e d  i n  a n  i n c r e a s e  i n  d r a g ,  
p r e s u m a b l y  'because, o f  i n c r e a s e d  t u r b u l e n c e  b e h i n d  t h e  s t e p .  
I n  t h e  c a s e  o f  t h e  NACA 84 s e r i e s ,  however ,  t h e r e  i s  t h e  
p o s s i b i l i t y  t h a t  a h i g h e r  a n g l e  o f  a f t e r b c d y  keel. would 
d e c r e a s o  t h e  i n t e r f e r e n c e  w i t h  t h e  fbGw o v e r  t h e  s t r e a m l i n e  
body,  -ahich would h a v e  a f a v o r a b l e  e f f c c t .  A f u r t h e r  i n -  
v e s t i g a t i o n  o f  t h i s  e f f e c t  i a  desi . rr?,ble,  

Tho p r e s e n t  method o f  b b t a i n i n g  low-enough h u l l  drag 
f o r  l o n g- r a n g e  s e a p l a n e s  i s  by r e d u c i n g  t h e  beam and  f r o n-  
t a l  area, T h i s  p r o c e d u r e  r e s u l t s  i n  h i g h  beam l o a d i n g s  and  
e x c e s s i v e  s p r a y ,  which l e a d  t o  h i g h e r  p o s i t i o n s  of  t h e  
wings a n d  e n g i n e s  and a h igh  p o s i t i o n  09 t h e  c e n t e r  o f  
g r a v i t y .  The e g r a y  a n d  hydrodynamic s t a b i l i t y  t h o n  become 
i m p o r t a n t  l i m i t a t i o n s  o f  t h e  t a k e - o f f  w e i g h t  a n 6  t h e  -pay 
l o a d . .  G o n s i d o r a t i o n  s h o u l d  t h e r o f o r e  be g i v e n  t o  methods 
of  o b t a i n i n g  l o w  drag  by ae rodynamic  r e f i n e m e n t  w h i l e  r e -  
t a i n i n g  t h e  more  modcrat 'e beam l o a d i n g s ,  Thr? p r e s e n t  i n -  
v e s t i g a t i o n  i n d i c a t e s  t h a t  t h c  ae rodynamic  d r a k  c o o f f i c i o n t  
of a p l a n i n g  t y p e  o f  h u l l  need  n o t  bo more 'ciian 2.5 p e r c o n t  
g r e a t o r  t h a n  kha t  o f  t h s  body c f  r o v o l u t i o n  f ro in  which i t  
i s  d e r i v e d ,  This  d i f f e r e n t i a l  might  be  rcduci?d by t h e  do- 
veloproent o f  a form o f  a f t e r b o d y  t h a t  h a s  l e s s  i n f l u e n c a  
on t h e  s t r e a m l i n e  f l o w  over t h e  a f t e r  p o r t i o n  o f  t h e  b a s i c  
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TABLE IV. - NACA MODEL 84 SERIES 
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Model 

34-0 
94-1 

944 
34-b~ 

84-B 
84-BF 

84-6 84-CF 

84-11 
84-DF 

84-E 
84-EF 

84-EF-2 
84-E~:  
84-EF-4 
84-1~a-5 

84-EF-t 

84-F 
84- FF 

84-G 
84-GF 

84-6 

84-5 

- 
Bow 

rose 1 
rose 1 

1 
1 

2 
2 

3 
3 

1 
1 

1 
1 
1 

1 
1 
1 
1 

1 

2B 
2B 

3B 
3 B  

1 

l A  - 

, tern 

' a i l  1 
'a i l  1 

- 

3 
3 

3 
3 

3 
3 

2 
2 

44 
4 
4 
4 
4 
4 
4 

3 
3 

3 
3 

2c 

3 

DescriDtion 

Basic body of revolution 
Same with depth increased 

Low bow, intermediate s te rn  
Same w i t h  chine f l a r e  

Intermediate bow, intermediate s te rn  
Same with chine f l a r e  

High bow, interrneaiate s te rn  
Same w i t h  chine f l a r e  

Low bow, low s t e rn  
Same with chine f l a r e  

Low bow, high s t e rn  
Same with chine f l a r e  

fgame with chine f l a r e  on 
L forebod only, block 4 
[Same as 8 $ - ~ ~ - 1  except de t h  o f  

s tep  increased, blocks !$l I and ,!@ respectively 
(Same as b 4 - ~ ~ - 1  except angle 

o f  afterbody keel increased, 
I blocks @ and 46, res  ect ively 
'Same as 8$-EF-$, block &F except ' angle o dea r i s e  decreased k on afterbody, block @ 

[Same as 84-B except angle of 
dead r i s e  increased a t  bow 

Same w i t h  chine f l a r e  

r 
l same as 84-c except angle of 
[ dead r i s e  increased a t  bow 
Same with chine f l a r e  

fSame as S4-D except third planing 1 surface added on t a i l  

[Same as &-A except chines 
rounded a t  bow 
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TABLE V. - BASIC DIMENSIONS AND NININUM AERODYNAMIC DRAG 

CHARACTERISTICS OF STREAMLINE AND HULL MODELS 

Model Dimensions Coefficients 
I 1 

1 Streamline bodies 

II 1 
/Plus 8" 

I 1 I 

0.0808 0.0278 0 

.0808 .0278 4 

.0767 .0-6 o 

H u l l  bodies 

- D  - qA 

J 





Fig. 2a 



NACA Fig. 2b,c 
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ru 



N A C A  

- _  Chine, no f lare  Stern 
- - Chine w i t h  flare} 

( f )  Sterns 2 and 2C. 

Figure 2 .  - Cont lnued. 

Fig, 2 f  



N A C A  

Chine, no f l a re  
- -Chine with f l a re  

Fig. 2q 

( g )  S t e r n  3 .  
Figure 2.- Continued. 
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Fig. 2h 



NACA Fig. 3 

L 

' 'T- u% 
Basic Streamline Shapes 

f3asichform and plan of all models 
-L. 

Bow 3 m 3  
Bow 2 
Bowl 

er of moments all models 

Height of bow No chine flare. 

Height of stern, No chine flare 

A I )-Stern 3 

L w- *BOW A&= -+- 
*>Bow 20 -- I 

Angle o f  deadnse at bow. Mealum bow. 
No chine flare 

Depth of step. No chine flare 

Fig 3 .- Lines of RACA Model 
snowing fo rm tested in wind 

w yg 
ket. A-A 

84 Series, 
tunnel*  
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Fig. 4 

Load Coefficient, Cp.8 

I / /  \ 

4- I / /  

0 0.5 1.0 1.5 2.0 2.5 3*0 3.5 rc.0 u.5 
Speed Coefficient, CV 

.-Effect of  longitudinal position of the centelcof-mvity. Model WW. Figure 4 
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NACA Fig. 6a 



NACA Fig. 6b 
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NACA Fig. 6d 



NACA Fig. 6e 
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NACA Fig. 7c 



NACA Fig. 7d 
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NACA Fig. 8c 
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NACA Fig. 10a 



NACA Fig. 10b 



NACA Fig. 10c 
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NACA Fig. 13a 



NACA Fig. 13b 



NACA Fig. 13c 



NACA Fig. 14a 



NACA Fig. 14b 



NACA Fig. 14c 
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NACA Fig. 15a 



Fig. 15b 
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NACA Fig. 15c 



NACA Fig. 16a 



Fig. 16b NACA 
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NACA Fig 17c,d 
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NACA Fig. 18a 



NACA Fig. 18b 



NACA Fig. 18c 



NACA Fig. 19a 



NACA Fig. 19b 
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NACA Fig. 19c 



NACA Fig. 20a 
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NACA Fig. 20b 



Fig. 2Oc NACA 



NACA Fig. 21a 



NACA Fig. 21b 



NACA Fig. 21c 



Fig. 22 
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Y" 

NACA 

.1 

01 i 
O ! ~  4- 

bSCriDtiOn Yodel Bow Stern - -  
co tant angl of 
d e z i s e  on a!terbody. 

- a 4  1 4 Angle of deadrise 
decreasing aft. 

I I I I I I I I I I 
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 

Speed Coefficient, Cv 
Figure 22 .- Effect of decrewing angle of deadrise on afterbody, 

on forebody only. 
.W in. depth of step; 7.25 deg, angle of afterbody keel. Chine flare 



NACA Fig. 23a 



NACA Fig. 23b 



NACA Fig. 23c 



NACA Fig. 24a 



Fig. 24b NACA 



NACA Fig. 24c 
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speed Coefficient, Cv 

ttp nm zs . - meet of depth of 8 
5.9 angle of afterbody keel. mine flare OR ohbody only. 



Fig. 26a NACA 
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NACA Fig. 26b 



NACA Fig. 26c 



NACA Fig. 27a 
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NACA Fig. 27c 
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NACA Fig. 28b 
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NACA Fig. 30 

.22 

. ia 
16. 

.ab 

*m- 

.02 

0 -  

1 I I I I I I I I 
1.5 0.5 1.0 2.0 2- 5 3.0 3.5 4.0 u.5 

Speed Coefficient, Cy 
Figure 30 .- Effect of angle of afterbody keel. 

.W in. depth of step. mine flare on fomlbdy only. 
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NACA Fig. 31a 



NACA Fig. 31b 
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Figure32.- Effect of angle of afterbody keel at planiag s p a .  
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Figure 33 Effect of chine flare 
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Fig. 35 

F ~ ~ u N )  35 b - Eifeot of chines on low stern, 
Without chine flare. 



Fig. 36a NACA 



Fig. 36b NACA 
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NACA Fig. 36c 



NACA Fig. 37 
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NACA Fig. 38a 
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NACA Fig. 38c 
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